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Abstract 
 This research investigates the impact of floods on property values and related 
issues (e.g., demographic, spatial and temporal variation of impacts of floods and 
property market sale inefficiencies) using the hedonic property (HP) price approach 
and other relevant techniques, such as quasi-experimental analysis, spatial analysis, 
quantile regression, spline regression and stochastic frontier analysis. For this 
purpose, the 2011 floods in the region covered by the Brisbane City Council (BCC) 
were selected as a case study. This was recorded as one of the major natural disasters 
in Australia, with approximately one-quarter of suburbs within the BCC affected. 
Apart from damage to infrastructure and loss of life, a large number of properties 
(houses) were damaged, and a total damage cost estimated at AUD 30 billion. 
Consequently these negative impacts have had a major effect on the BCC property 
market and given rise to important policy research questions including the 
application of state of the art econometric techniques to this issue.  
Although much theoretical and empirical work has been conducted on various 
aspects of flood impacts on the property market, many important research areas 
remain to be addressed. For example, the behaviour of different property submarkets 
under flood risk has so far not been investigated. In particular, this thesis addresses 
the following questions: (1) Does the availability of flood-risk information and actual 
occurrence of floods negatively impact on property values? (2) Does the negative 
effect of flood-risk disappear over time? (3) Are different demographic submarkets 
affected in a different way? (4) Does environmental (flood) risk create any market 
(sale) inefficiency? (5) Do natural disasters have any impact on those properties that 
are not affected directly from the floods? 
Brisbane is the capital city of the Australian state of Queensland. The city has 
been built along the lower catchment of the Brisbane River where several major 
floods were recorded prior to 2011. For this study the 2011 flood was chosen. 
Property transaction data for selected suburbs within the BCC were collected for the 
period 2006-2013 and supplementary secondary data published by different sources 
were collected using GIS techniques. The spatial HP analysis indicates that the flood 
prone properties were discounted. The impact of the availability of flood risk 
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information and the 2011 Brisbane floods are compared within a Difference-in-
differences (DID) framework. The results indicate that property buyers are more 
responsive to the actual incidence of flood than public information about them. 
Spatial quantile regression analysis is then used to examine the submarket behaviour. 
The results show that the negative impact of floods on lower-valued properties are 
larger than on higher-valued properties. Moreover, the negative effects vary between 
suburbs for which the differing characteristics were identified. The results of spline 
regression analysis compares the behaviour of property values in flood affected and 
non-affected suburbs. The efficiency of property markets is also examined using a 
two-tier, stochastic frontier approach the results confirming that both buyer and seller 
behave inefficiently in the presence of flood risk.  
The implications of the results for the development of policies and institutional 
arrangements for minimising the negative impact of natural hazards on the property 
market are discussed.  It is argued that the results offer an enhanced framework for 
decision-making in the property insurance market. In particular the opportunity to 
use the study’s methodological improvements to investigate other similar natural 
hazards is highlighted. 
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Chapter 1: Introduction 
Globally the frequency and severity of natural disasters (e.g., earthquakes, 
tsunamis, droughts and floods) have recently increased. For example, in 2010 and 
2011 a series of extreme weather events were reported from countries such as Brazil, 
South Africa, Pakistan, Sri Lanka and the Philippines. In Australia, floods were 
reported in Western Australia, Victoria, New South Wales and Queensland affecting 
over 200,000 people. The Queensland floods of 2011, affecting Brisbane river 
catchment, was recorded as one of the worst natural disasters in Australia’s recent 
past, and apart from the deaths, the economic damage was considerable. For 
example, the economic loss in Queensland was placed at AUD 30 billion 
(Queensland Government, 2011). Around 18,000 properties in Queensland were 
inundated (Honert & McAneney, 2011). The damage to infrastructure and properties 
(houses) within the Brisbane City Council (BCC) area was significant. Floods result 
in many varied ramifications, including having a considerable impact on the property 
market. This doctoral thesis therefore focuses on the impact of floods on property 
markets, using property transaction data within the BCC area as a case study. 
The first chapter of this thesis outlines the background (section 1.1), research 
questions (section 1.2) and objectives of the research (section 1.3). Section 1.4 
describes the motivation for this topic, followed by an explanation of the contribution 
of this study to the current literature (section 1.5). The final section, (section 1.6) 
includes an outline of the remaining chapters of the thesis. 
 
1.1 BACKGROUND 
Australia has varying extreme weather conditions and has experienced natural 
disasters on a frequent basis. This frequency now imposes an annual cost burden on 
Australian government of around $560 million in the form of post-natural disaster 
recovery measures (Wilkins, 2014). Common natural disasters such as floods, 
bushfires, cyclones and earthquakes have severely affected both properties and lives 
in Australia (see, for example, Gentle et al., 2001). Among them, floods are the most 
common (Bureau of Transport Economics (BTE), 2001). According to BTE (2001) 
2 
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estimates for the period 1967 to 1999 two of Australia’s states - New South Wales 
and Queensland - accounted for more than half of the costs associated of Australia’s 
natural disasters, with Queensland ranked second in terms of the frequency of natural 
disasters in Australia. For example, major floods were reported for Queensland in 
1893, 1974, 2011 and 20131, with major cyclones in 2006 (Larry) and 2011 (Yasi) 
affecting the state during the last decade. 
The impacts of such events on lives and property are substantial and are 
detailed in several reports on the cost of flood damage (see, for example, Queensland 
Government, 2011 and Merz et al., 2004). Following such major incidents, relevant 
authorities and independent researchers have reported on the causes and damage, and 
in some instances, have estimated the cost of flood-related rehabilitation (Joseph et 
al., 2011). However, there are limitations in the cost estimation procedures as most 
reports consider only direct tangible costs such as damage to properties and 
infrastructure (Queensland Government, 2011). While some reports offer a brief 
discussion of indirect costs, such as changes in property demand, they fail to 
monetize indirect costs. For example, although loss to private property is estimated, 
there is little consideration given to the change in property values due to flooding. 
This omission is important given, in addition to physical damage affecting properties, 
any change to the property market structure could potentially impact on the economy 
as a whole and have a substantial effect on individual’s wealth. 
The property market is an important economic indicator in any economy 
involving a large number of stakeholders including, householders, real estate agents, 
banks, insurance companies, policy makers and the general public having a vested 
interest on it. For example, of Australia-wide mortgage brokers’ total loans, nearly 
65% were for residential real estate2 indicating the importance of the property market 
for other economic subsectors. Valuation professionals need to know the discount 
that should be applied to previously flooded and ‘at-risk’ properties when they are 
listed for sale. Similarly, mortgage lenders and insurance companies need to be able 
to determine a more realistic estimate of property values in flood risk areas. From an 
economist’s point of view the availability of risk information avoids adverse 
                                                 
 
1 The historical overview of floods in Brisbane is discussed in details in Chapter 3. 
2Macro Business, Retrieved from http://www.macrobusiness.com.au/2013/07/australias-huge-
property-market-gets-bigger/ 
 3 
Chapter 1: Introduction 3 
selection and leads to a more efficient market (Akerlof, 1970). Moreover, the 
maintenance of property values is a key element in the sustainability of local 
communities (see, for example, Lamond, 2008). Property price changes affect the 
expected lifetime wealth of home owners and the collateral values of homes (Miller 
et al., 2011). Moreover property market behaviour is important not only to property 
owners and their agents but also to local and national governments being one of the 
major components of the national economy with its subsector providing substantial 
employment opportunities. Therefore, there is a clear incentive for governments to 
plan and invest in appropriate infrastructure to minimise adverse impacts of natural 
hazards such as floods on the property market. 
A number of researchers have attempted to investigate the behaviour of the 
property market in relation to natural disasters. For example, the impact of flooding 
and the presence of flood plains on property markets have been investigated by Eves 
and Wilkinson (2014), Bin & Landry (2013), Petrolia et al. (2013), Rambaldi et al. 
(2013), Breisinger et al. (2012), Samarasinghe & Sharp (2010), Lamond et al. 
(2010), Lamond (2009), Zhai & Fukuzono (2003), Harrison et al. (2001) and Fridgen 
& Shultz (1999).  However, only a few Australian empirical studies have 
investigated the impact of floods on property values (see, for example, Eves et al., 
2010; Eves, 2004 & 2002; Rambaldi et al., 2013). 
Rambaldi et al. (2013) and Eves et al. (2010) investigated the impact of 
floodplains (after the release of flood risk maps) on property values in the BCC 
region. However they did not consider the impact on property values after an actual 
flood event (such as the 2011 flood in Brisbane) and other possible impacts on the 
property submarkets. A meta-analysis of flood risks in the US has shown that there is 
a difference between ex-ante and ex-post analysis (Daniel et al., 2009). Therefore, it 
is important to consider its real impacts following a major flood incidence. From the 
reviewed literature, only one study has considered the impact on real estate market 
values of flooding or location of properties on floodplains of both affected and non-
affected properties in Sydney (Eves, 2002). However, the study was limited, by its 
almost exclusive use of qualitative analysis, while quantitative estimation was rarely 
used. This deficiency is important given any negative market impact of such a 
natural disaster on affected suburbs may increase the pressure on demand for 
properties in surrounding non-affected suburbs. Different suburbs within the BCC 
4 
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have different neighbourhood and environmental characteristics, so that the impact of 
flooding may vary across each characteristic and therefore become a cause of 
inefficiencies in the property market. Moreover, disparately valued properties and 
different income groups may be affected in dissimilar ways. Importantly the 
relationships between impacts of flood and such property submarket behaviour 
remain uninvestigated. Therefore this study seeks to help remedy these research 
deficiencies by investigating the consequences of floods on the property market 
based on the 2011 floods in Brisbane. The research problems arising in this study are 
discussed in detail in the following section. 
 
1.2 RESEARCH PROBLEM 
The 2011 floods in Brisbane have effectively segmented the property market 
into two broad categories - good and bad properties. As many as thirty five suburbs 
within the BCC area were affected; some suffered major damage, others minor. The 
extent of the damage to properties varied widely between suburbs ranging from 
partly to completely damaged - a diversity characteristic of even significantly 
affected suburbs.  
The impact of floods on property market can be discussed under various 
disciplines, however, economists are particularly interested in valuing costs 
associated with natural disasters and studying market behaviour. The damage caused 
to the property market behaviour was also a considerable factor amongst the multiple 
impacts of the floods. For example before the 2011 flood, the BCC mapped flood-
risk areas had been made available to the public via internet in 2009 and which 
therefore may have influenced property market behaviour.  
The behaviour of the property market is equally influenced by a number of 
factors apart from flood and availability of flood-risk information. These factors may 
include macro-economic policies, economic growth, geographical features, crime 
rate, social and religious factors. A property’s natural environment, including being 
closer to green areas, water front view, flood and bushfire are also important factors 
that can affect property market behaviour. In their annual report of 2013, the 
Department of Natural Resources and Mines State Valuation Service (2013) which 
monitors the behaviour of the property market (or property prices) in Australia, 
 5 
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described the extent to which some suburbs increased their property values while 
others decreased. The focus of this study is therefore concerned with explaining the 
extent to which these differences are a product of the effects of flooding on the 
property market. In this context the following research questions arise: 
 
1. Does the release of flood maps in 2009 by the BCC have an impact on property 
values? 
Before the 2011 flood incidence, the BCC made information available regarding 
the flood risk. It is questionable whether the release of risk information had an 
economic impact on the property market. If the release of flood maps created a 
public awareness of flood risk, it would be reasonable to assume that properties 
within the flood plain areas would experience a decline in price. Previous studies 
that have investigated this issue (see, for example, Eves & Wilkinson, 2014; 
Rambaldi et al., 2013 and Eves et al., 2010) are extended to include consideration 
of spatial and temporal variations.  
2. What suburb/suburbs have suffered the most in terms of property values due to 
the 2011 flood? What areas within a suburb showed the largest decline in property 
value? Environmental amenities and neighbourhood characteristics vary from 
suburb to suburb posing the question of whether these positive externalities will 
outweigh the negative externalities of floods on the property market. 
Identification of the suburban characteristics which reduce environmental risk is 
important in urban planning and in determining insurance premiums.  
3. To what extent does the level of flood water have an impact on property values in 
a given suburb? What other variables affect property values?  
4. Will the recent floods leave a permanent scar on property values and/or how long 
does it take for the property market to recover?  
5. Are smaller properties affected more than larger properties? Which demographic 
submarkets are more affected due to natural hazards?  
6. Do the environmental risks/floods create any inefficiency in marketing/selling 
within the property market? If so, what are the factors influencing the 
inefficiencies? Which submarkets are most inefficient in terms of property values? 
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This issue can be examined in terms of affected and non-affected suburbs. If the 
market for flood-affected properties is inefficient, which submarkets (for example, 
high-value houses or low-value houses) are most inefficient? 
7. Do the property values in some suburbs recover faster than others? If so, what are 
the special characteristics of these suburbs? The affected properties will be 
compared with suburbs unaffected by the floods to examine whether unaffected 
suburbs have experienced a positive effect on property values due to the recent 
floods. Residents in flood prone suburbs migrate to adjacent flood-free suburbs 
and increased demand for properties in these areas increasing property prices.  
 
Most reports that have estimated flood damage considered only direct costs and 
rarely included the indirect cost of damage (for, example, change of property and 
environmental values). The major problem of estimating an accurate disaster cost is 
the inability to estimate intangible costs (BTE, 2001). The Queensland Government 
(2011) has issued a report on the consequences of the 2011 floods in Queensland, but 
this was limited to discussing the direct damage with no in depth attempt made to 
estimate indirect costs of flood damage on property values.  
 
1.3 OBJECTIVES 
Although much empirical work has been undertaken to investigate the impact 
of flood hazards on the property market, there is a continuing lack of understanding 
regarding all possible impacts of flood hazards on property market behaviour.  In 
particular a number of research questions have not been investigated to date. Among 
them is the extent to which properties of different income groups are affected 
differently due to flood risk. Equally to be investigated is whether different 
demographic submarkets can be affected differently. Properties also could be 
affected differently depending on a particular suburb’s neighbourhood socio-
economic characteristics. Some suburbs may recover faster while others continue to 
decline. Moreover, floods may create market inefficiency because of lack of 
awareness of risk. With this background, the overall objective of this study is to 
investigate the impact of the 2011 Brisbane floods on the property market and 
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propose an improved methodology to investigate such events elsewhere. The specific 
objectives of this research are: 
 
1. To evaluate the impact of the release of flood maps in 2009 by the BCC on the 
property market.  
Asymmetric information can contribute to a market failure (Akerlof, 1970). 
Hence the availability of public information regarding flood risk could increase 
market efficiency. The BCC released flood maps in 2009, making information 
on flood risk available to the public. This objective will provide an indication of 
whether the release of these maps created any public awareness and the degree 
of impact their availability may have had on the property market.  
2. To identify the most affected and non-affected suburbs in the BCC, including 
localised areas within those suburbs, in terms of the impact of the 2011 flood on 
the property market.  
One of the interesting research questions is why the impacts vary among 
different flood affected suburbs. Suburbs usually differ in their environmental 
characteristics, infrastructure, socioeconomic and neighbourhood characteristics. 
Therefore, these factors, together with the degree of flood risk, are likely to 
affect property values depending on the unique features of a suburb. As a result, 
the impact of floods on suburbs may vary according to their characteristics. This 
objective will attempt to understand the different suburban characteristics that 
may minimise the negative impact of floods on property values in that suburb. 
This information can be used for mapping risks to property value other than 
flood risk.  
3. To estimate the duration of flood impact in terms of property values. 
Any negative impact on the property market from floods is likely to diminish 
with time. The differences in recovery time of property values between suburbs 
is likely depend on individual suburb characteristics. Hence this objective 
investigates the temporal variability of flood impacts on property values.  
4. To estimate the impact of the recent Brisbane flood on properties of different 
income groups within the BCC and properties of different value. 
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Different demographic groups value the surrounding environment differently. 
Similarly, flood risk may be perceived differently by different income groups. 
This will be reflected in the value of houses since low income categories tend to 
access low value houses while higher income groups often access higher value 
houses. There may be different submarkets within a regional area depending on 
buyers’ income level, quality of properties and price. This objective will 
examine whether the discounting of flood risk varies by different income groups 
and demographic submarkets.  
5. To estimate the inefficiency of the property market (sellers’ inefficiency) as a 
result of environmental risk. 
This objective is to understand whether flood and flood risks create any 
inefficiency in the property market. It examines the market inefficiency 
temporally as well as spatially. It will further examine market inefficiency across 
different demographic submarkets in regards to the effect of the floods. This 
objective will particularly investigate the impact of floods on bid and offer 
(buyers’ and sellers’) prices. 
6. To estimate the impact of floods on property values of affected areas and non-
affected areas before and after the 2011 floods. 
Flood or flood risk information effectively segments the property market into 
two broad categories; affected properties as bad properties and non-affected 
properties as good. Previous studies have attempted to investigate flood or flood 
risk on affected or vulnerable areas. Any negative impacts on the property 
market in the affected areas are likely to add pressure on the prices of properties 
in the non-affected areas. The aim of this objective is to extend the analysis of 
property market values for both affected areas and non-affected areas, and to 
examine whether there is any influence of the flood on the non-affected property 
market.  
 
1.4 MOTIVATION 
Research on natural hazards has been multidisciplinary, ranging from the 
natural sciences to the social sciences. Also its implications on different sectors are 
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discussed - on lives, animals, properties, the environment and social life. Moreover, 
the impacts are categorized broadly as direct and indirect, where the direct impacts 
can be easily measured. Among higher incidences of natural disasters, floods have 
been particularly prominent since they result in sizeable human, capital and material 
losses. The assessment of flood damage is an essential part of flood mitigation 
procedures as it gives an insight to the economic importance of floods mitigation. 
However few studies have considered the indirect impact of floods an important 
omission given a clear understanding of the direct and indirect impacts of flooding 
on the property market is necessary in order to implement flood management 
measures. 
Although extreme weather events are more frequent, their damage can be 
minimised by Governments having more adequate adaptation packages. Even small 
events may cause significant damage as a result of a lack of ex-ante measures 
(Keskitalo, 2013).  In assessing the need for such measures both the direct and 
indirect impacts of natural hazards on properties are of particular importance given 
the property market is considered one of the most important sectors of any economy.  
In addition the importance of studying the likely impact of natural hazards on 
property values relates to their increasing frequency. Globally floods are common 
natural hazards with around half of all natural hazards due to water-related issues 
(Keskitalo, 2013). Consequently a number of studies have been undertaken to 
examine the impact of floods and flood risks on housing markets. Nevertheless there 
is still a lack of understanding about their impact on the property market. Except for 
the study by Eves (2002), most research has only considered affected properties and 
has not examined the impact on non-affected surrounding properties and suburbs. By 
analysing property transaction data in selected areas in Sydney Eves (2002) 
confirmed the existence of a price differences between flood risk areas and non-flood 
risk areas. Furthermore, he observes a greater gap in average property prices between 
affected and non-affected areas close to a major flood event. It can therefore be 
assumed that any negative impact on affected properties may increase the demand 
for risk-free properties. This study tests this hypothesis using the semi-parametric 
econometric approach.  
A further issue to be examined is the extent to which the effects from floods 
varies between suburbs where suburbs and neighbourhood characteristics are 
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important for individuals who value or purchase properties. Given that it can be 
assumed that these characteristics may outweigh the adverse impact of natural 
disasters on the property market. Therefore, it is likely to be important to consider 
geographical submarkets when investigating flood impacts. Such consideration can 
lead to more informed and appropriate urban and land use planning. 
It is also clear that the impact of floods on property values can also vary across 
different income groups. Equally the differences among other demographic 
submarkets (such as the quality of houses) are important for an in-depth 
understanding of the impacts of floods on the property market. For example previous 
studies lack comparisons of environmental risks across different demographic 
submarkets. It may be assumed that these suburb characteristics can affect the 
recovery of the property market, characterised by the fact that some suburbs recover 
faster than others in terms of property values, and that some suburbs recover fully 
while others do not.  
It is also important to examine whether the environmental risks create any 
inefficiency in selling affected properties or affected suburbs. The existing literature 
shows that the property market and the flood risk nexus are not fully explained. They 
are interesting research questions for social scientists and policy decision makers. 
It is clear from the nature of this investigation that it touches upon multiple 
fields of study, including the natural environment, built environment, risk 
management, marketing, economics and finance. The reviewed literature reveals that 
practitioners from all these fields have studied the impact of floods and flood risk on 
the property market in a number of countries. In doing so the well-known Hedonic 
Property (HP) price analysis has been widely used for investigating such research 
questions. There is therefore a growing body of literature on HP price estimation 
which has validated it as an economic technique. While in the past the HP theory has 
been evolving to address various estimation issues in this study the standard HP 
model is modified to address a number of new research questions. 
The standard HP model is modified as follows. First, both amenity and dis-
amenity values of a river are considered simultaneously. In this way the risk of flood 
is measured more appropriately, instead of implementing the commonly used 
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distance variable3. The use of Geographic Information System (GIS) techniques is 
used to increase the accuracy of the measurement of variables give that the 
geographical location of properties is one of the most important determinants of 
property prices. Different dimensions, such as distance to the river, inundation depth 
and a dummy variable for flood plain properties are included to capture a more 
comprehensive measure of the impact of floods than previously undertaken. Both the 
availability of public risk information and flood are estimated simultaneously using a 
quasi-experimental technique. Secondly, the impact on different income groups and 
differently valued properties is captured using HP price and quantile regression 
analyses. Thirdly the semi-parametric and non-parametric econometric approach is 
used to capture the temporal variation. Fourthly, different demographic submarkets 
are identified and extended in the HP price analysis to form a precise estimation of 
the flood’s impacts. Finally the market (sellers and buyers) inefficiency across the 
different property submarkets is analysed defining a two-tiered stochastic frontier 
form of the HP price model. More details are provided in chapter 4 to 7. 
It is considered that these techniques for analysing flood damage are important 
for the proper assessment of flood vulnerability, analysis of flood risk, flood 
mitigation mechanism policy formulation and for financial appraisal. In this way this 
study aims to make a contribution to bridge the current knowledge gap in the study 
of the effects of floods, and make an important contribution in the use of new 
methodological applications. 
 
1.5 CONTRIBUTION OF THE STUDY 
Due to the lack of understanding of the indirect impact floods have on the 
property market, measures to mitigate these indirect effects are rarely incorporated in 
flood mitigation packages and policy decision making. Moreover, a full estimation of 
flood damage has added importance given its key role in contributing to flood 
mitigation policy implementation aimed at minimising the negative impact of floods. 
The indirect costs of floods on the property market are considerable an important 
consideration given that the maintenance of property values is a key element in the 
                                                 
 
3 See chapter 4 for more detail  
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sustainability of local communities (Lamond, 2008). Hence, this study aims to 
deepen understanding of the impact of floods on the Brisbane property market by 
developing a novel analytical framework given that existing studies are not directly 
applicable to addressing the proposed objectives. 
 
1.5.1 CONTRIBUTION TO THE UNDERSTANDING 
The results of this study are likely to be of interest to several stakeholders 
within the property market, including policy makers, insurance companies, real estate 
agents, banks, investors and valuers. It should assist in determining the magnitude of 
the discount that should be applied to flood-affected properties which can be 
important for bankers, insurance companies and valuers.  
In this study previous flood-related studies have been extended to analyse the 
impact of flooding across the different demographic submarkets (see, for example, 
Bin & Landry, 2013; Rambaldi et al., 2013). The results are important when 
implementing post-recovery programmes, allowing the worst affected (in terms of 
the property market) submarkets to be targeted. Moreover, the results provide key 
insights for insurance companies, banks and property valuers regarding price 
differences across the different property submarkets. 
Different flood-affected suburbs are compared and the important suburb 
characteristics that minimise the negative impacts of floods on property values are 
identified. In doing so it is clear that some suburbs (geographical areas) recover 
faster than others. Public and private investment in relation to the development of 
suburbs, such as infrastructure facilities, can therefore be targeted to minimise 
negative impacts on the property market resulting from natural disasters. The study’s 
identification of natural environmental-based factors that minimise the adverse 
impact of floods on property values provides added weight to the need for 
conservation of natural resources. In addition this study’s focus on the desired type 
of housing, its suburban location and associated socio-economic characteristics 
provide particularly important information for investors in the property market. 
Moreover, the temporal distribution of the negative impacts of floods provides useful 
information for future investment. 
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1.5.2 CONTRIBUTION TO THE METHODOLOGY 
The estimation of a two-tiered stochastic hedonic price frontier provides an 
analytical framework with which to understand the factors that affect sellers’ 
(buyers) market inefficiency in the property market. In order to do this the market 
(sellers or buyers) inefficiency of different demographic submarkets are compared. 
The results of stochastic analysis are likely to be useful for stakeholders in the 
property market to design appropriate marketing strategies. The quasi experimental 
estimation of HP theory allows a comparison of two incidents and distinguishes 
between the impact of flood early warning (mapping flood-risk areas in 2009) and 
actual flood incidents in 2011. In this way a comparison is made of the impact on the 
property market of the availability of flood information and actual flood incidence. 
Therefore, this research bridges the current knowledge gap in terms of indirect 
impact and the methodological issues. The results are likely to contribute to the 
extant literature and will provide Australian policy makers with appropriate 
information for decision-making in the policy formulation process of flood 
mitigation strategies. In doing so this study provides lessons for other countries 
where similar environmental issues require addressing. Thus there is potential for the 
development of new research along similar lines in a wide variety of flood situations 
in different countries. 
 
1.6 THESIS OUTLINE  
An overview of the research problem, aims, objectives, approach and outcomes 
is summarised in Figure 1.1. The research is motivated by the need to address the gap 
in understanding of the indirect impact of flood on property values, and the need for 
improving the methodology used for estimating a wide range of impacts. Different 
analytical techniques are employed and modified to investigate the specific 
objectives.  
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Figure 1.1: Research outline 
 
Lack of awareness regarding impact of natural hazards and other environmental amenities 
and dis-amenities on property prices (market) creates ineffective mitigation measures and 
inefficiency 
 
To investigate the impact of natural hazards on the property market and measure market 
efficiency 
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 15 
Chapter 1: Introduction 15 
The impact of information disclosure (mapping flood risk areas in 2009) and 
the major flood incidence (Brisbane’s 2011 flood) are distinguished employing the 
quasi-experimental technique of the HP model. The spatial interaction is considered 
using spatial econometric techniques. Also, the temporal distribution of the negative 
impact of flood is investigated. Both these research techniques are set out in chapter 
4. The impact of flooding on different income groups is investigated following 
quantile regression analysis and other related techniques. Chapter 5 discusses the 
application of quantile regression analysis and submarket behaviour.  
The market inefficiency created across the different submarkets due to flood 
risk is investigated (chapter 6). In chapter 6, the blending of two-tiered stochastic 
frontier analysis and HP analysis to achieve the objectives are presented. Finally, 
comparisons between the behaviour of the affected and non-affected suburbs are 
explored using the spline regression method. The application of semi-parametric 
regression technique is presented in chapter 7. The investigation methodologies are 
discussed in detail under each chapter. The next section discusses the structure of 
each chapter. 
 
1.6.1 STRUCTURE OF THE THESIS 
This thesis is organised into eight chapters, outlined as follows. Chapter one 
discusses the overview of the study and defines the research issues and investigation 
approaches. Chapter two discusses the literature relevant to the property market and 
the factors that affect property market behaviour with specific reference to the nexus 
between the property market and environmental factors. The HP theory and its 
evolution are discussed in chapter two, including the evolution of HP theory from 
Rosen’s (1974) seminal work to the present. The latter part of the chapter discusses 
econometric issues in HP analysis. Chapter three is devoted to discussing the study 
area, sampling procedure and data collection methods including GIS applications. 
Chapter three concludes with the descriptive statistics of the study area (suburbs). 
The research findings are presented in chapters four to seven. Chapter four 
investigates the first objective of this research - the impact that the announcement of 
flood-risk information and actual flood incidence has on the property market. The 
quasi-experimental estimation of the HP model is also discussed in this chapter. 
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Chapter four extends the analysis by incorporating the temporal distribution of flood 
risk. Chapter five discusses the quantile regression analysis of the HP model and the 
impact of flood-risk and other environmental attributes on different property 
submarket. The methodological approach for analysing property market efficiency is 
discussed in chapter six. Chapter seven compares affected suburbs with non-affected 
suburbs in terms of property market behaviour. Chapter seven demonstrates the 
application of semi-parametric estimation of the HP model. Chapter eight provides 
the study’s conclusions and discusses their policy implications. 
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Chapter 2: Property Prices, their 
Determinants and HP Price 
Analysis 
The literature reviewed as part of this study is primarily presented in the first 
part of the chapter with special attention given to environmental amenities and dis-
amenities. The latter part of this chapter focuses on discussing the theoretical basis 
for analysing property market behaviour. In economic terms properties can be 
considered as heterogeneous in products and prices, which are determined by 
individual characteristics as well many other factors, such as environmental 
amenities, dis-amenities, natural disasters, suburban location or other geographical 
factors and socio-economic factors. A number of researchers have investigated the 
nexus of property prices and their determinants. In this chapter this research is 
outlined including property price determinants, the behaviour of the property market 
with the development of environmental amenities, the impact of natural phenomenon 
on property prices and finally, HP theory and estimation issues. 
This chapter is organised as follows: the determinants of property price are 
discussed in section 2.1 under four sub-sections. Section 2.2 discuses previous 
literature related to the impact of floods on property prices. The theoretical 
background of the HP function is discussed in section 2.3 and is further discussed in 
terms of buyers’ and sellers’ behaviour in section 2.4.  Section 2.5 discusses 
econometric issues in HP analysis. Section 2.6 and 2.7 examines the choice of 
functional form and estimation of marginal willingness to pay (MWTP), and section 
2.8 summarises the contents of the chapter.   
The property market is a key subsector for any economy, with the residential 
property market being the biggest asset class of any country. The value of the 
Australian residential real estate in 2012 has been estimated at AUS$4.48 trillion or 
3.3 times larger than the Australian GDP of AUS$1.4 trillion (www.rpdata.com). 
Similarly, in 2012 New Zealand’s residential property market was estimate to be 
three times its GDP and in the United Kingdom 2.8 times. The residential real estate 
subsector also provides significant employment opportunities. Hence, a well-
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functioning property market triggers the development of many economic sub-sectors. 
Obviously the development of the residential property market varies spatially and 
temporarily. Since the 1950s, the Australian property market has experienced steady 
price increases across the board, and with the exception of short-term fluctuations 
(www.rpdata.com) recent statistics show that the residential property market 
continues to grow.  
 
2.1 PROPERTY PRICE DETERMINANTS 
The property market is heterogeneous and can be defined as a differentiated 
good. The demand for property depends on certain characteristics, primarily 
structural, environmental and neighbourhood, with property prices being a function 
of these characteristics. 
Important structural characteristics determining the demand for a property 
include the number of bedrooms and bathrooms, garage spaces, lot size, floor area, 
age of the property, quality and material of roofing, walls and floors, and the 
presence of other structures such as a swimming pool or fireplace. These structural 
variables provide most of the explanatory power of HP price estimation. Studies have 
clearly shown the importance of structural characteristics in determining property 
price (see, for example, Sirmans et al., 2005). Almost all HP analyses have included 
basic structural characteristics, such as the number of bedrooms, bathrooms and 
garage spaces, and have resulted in the expected positive correlations with the sales 
price. Land area is another of the major determinants of property price (see, for 
example, Abdul, 2007). This may be due to the increasing space requirements of 
growing families. Higher income groups demand more augmented characteristics 
such as a swimming pool, than basic structures, and therefore socioeconomic 
characteristics are also important determinants of property demand. The age of a 
property is another important determinant of the sale price acting as a proxy for the 
housing quality (see, for example, Choy et al., 2007). However the build year is 
unavailable in most databases. The relevance of age also differs if the house has been 
renovated.   
The location of the property is obviously another factor that can determine 
price, as individuals are often willing to pay a premium for well-located good 
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properties. Most people prefer to live in a convenient location and many researchers 
have included the distance to the central business district (CBD) as factor when 
examining property price. This is because buyers often consider accessibility to the 
CBD when making a purchase decision since most economic activities take place in 
or around the city. This factor is closely related to the ease of public transport access. 
For example, Palmquist (1991) studied the impact of a transport network on property 
price finding a positive effect on property prices. Similarly, Debrezion et al. (2007) 
found that a newly constructed railway road exerts a positive effect on property 
value. In contrast, it has been shown that close proximity to a highway can lead to a 
negative impact on property values (see, for example, Kilpatrick et al., 2007). Since 
location has been found to be an important determinant, the environmental 
characteristics involving natural or manmade structures are also an integral part of 
house characteristics.  
 
2.1.1 ENVIRONMENTAL FACTORS AND THE PROPERTY MARKET 
Neighbourhood amenities, such as parks, green spaces, water bodies and 
reservoirs, and open spaces have been found to be important determinants of 
property prices. Previous studies have shown that residential properties closer to 
open spaces and recreational facilities have higher values compared to similar 
properties farther away (see, for example, Irwin, 2002; Acharya & Bennett, 2001; 
Shultz & King, 2001). These studies have also demonstrated the use of the HP 
pricing model for estimating recreational values and its impact on the property 
market.  
A further environmental factor that has been shown to have a positive and 
significant impact on determining housing prices is the extent of physical access to 
and views of green space (see, for example, Kong et al., 2007; and Nicholls & 
Crompton, 2005). Joly et al. (2009) examined the different landscape types within 
the real estate market and found that proximity of farmland and forests had a positive 
impact on property prices, whereas adjacent roads had a negative impact. However, 
incorporation of environmental characteristics is limited due to difficulties in 
measurement.  
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In order to minimise measurement errors, this study employed GIS techniques 
to visualize environmental characteristics. Kong et al. (2007) also combined GIS 
techniques and HP pricing models to value green space. Nikolaos et al. (2011) found 
that generally, the presence of greenways increased property values by as much as 20 
percent. However, some studies (see, for example, Smith et al., 2002) found that 
surrounding open spaces had a negative effect on property values. This is possibly 
due to the dis-amenities associated with open spaces, such as noise associated with 
parties and other gatherings periodically held in these areas. 
The impact on property values of being waterfront (i.e. reservoir, river, sea) has 
been extensively researched. Lansford & Jones (1995) showed that reservoirs 
significantly improved the value of residential properties, and a study by Mahan et al. 
(2000) estimated the value of urban wetlands. Both these studies used the basic HP 
pricing model the former including different measures for the targeted variable. The 
literature confirms that these forms of amenities have a positive effect on property 
prices. 
Coastal properties have unique environmental amenities, however, the quality 
of the beach is one of the most important factors that determines their ultimate value. 
Many studies have used beach width as a proxy variable for beach quality. In a 
recent study, Landry & Hindsley (2011) concluded that beach quality had a 
significant, positive impact on property values but had no influence on those 
properties further away from the beach, and that beach erosion had a negative impact 
on the property market. These results were consistent with those of Gopalakrishnan 
et al. (2011). 
 
2.1.2 ENVIRONMENTAL POLLUTION AND THE PROPERTY MARKET 
It is not only physical factors such as water bodies and parks that people value 
when deciding on a place to live; pollution or environmental quality are also 
important considerations. Air pollution is a frequent phenomenon found particularly 
in major cities resulting in problems for both the environment and humans. It also 
has been found to have an indirect impact on property prices, a reason so many 
countries are keen to reduce air pollution. The demand for air quality in US cities has 
been estimated using a HP price function (Zabel & Kiel, 2000). The marginal value 
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of air quality improvement (sulphur dioxide and nitrogen dioxide) in the Seoul 
metropolitan area has also been studied using a spatial-econometric HP price 
function (Kim et al., 2003). These studies provide empirical evidence of the impact 
of air quality on property prices. Kim et al. (2003) considered spatial autocorrelation 
in their analysis. Neill et al. (2007) estimated a spatial model to measure the impact 
of air quality on housing values and concluded that the maximum likelihood 
estimation (MLE) method outperforms the traditional ordinary least square (OLS) 
estimation. The effects of noise pollution have also been investigated (Duarte & 
Tamez, 2009). 
Neighbourhood land use patterns can create both positive and negative impacts 
on the property market. Researchers have found that proximity to hazardous waste 
sites and other undesirable land uses can have a negative impact on the property 
market. Studies by Chattopadhyay et al. (2005) and Kiel (1995) are some examples 
that have shown that undesirable land use patterns can have a negative impact on the 
property market. Indeed, Chattopadhyay et al. (2005) found that the gain in property 
price through cleaning hazardous waste in Waukegan Harbor was around 18%. 
When the study was compared with the results of the HP method using the discrete 
choice random utility model it was concluded that both methods are appropriate for 
estimating environmental dis-amenities. Gayer (2000) examined the marginal benefit 
of hazardous waste risk reduction and neighbourhood nexuses using the HP valuation 
model. The externalities due to animal waste odour caused a 5% to 12% reduction in 
property values compared to those without (Eyckmans et al., 2013). 
Some development activities associated with negative externalities may create 
an environment that is less than desirable. A good example is the development of 
nuclear technology. The risks due to nuclear waste transportation in Mexico were 
studied using spatial specification of the HP pricing method (Gawande & Jenkins-
Smith, 2001).  Hibiki & Managi (2011) investigated the impact of carcinogenic risk 
information disclosure on property values and found that this factor resulted in 
discounted property values. Similarly, public awareness of groundwater 
contamination in Scottsdale, Arizona, USA caused a significant drop in house prices, 
although the influence was found to be only temporary (Case et al., 2006). As well, a 
recent study in Australia found that pollution due to mining activities discounted the 
adjacent property values (Neelawala et al., 2012). 
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Further factors modelled using the HP price approach are the visual and health 
impacts (exposure to electromagnetic fields) of cell phone towers and high voltage 
overhead transmission lines (HVOHTL). The results have suggested possible health 
impacts, although the impact remains controversial (see, for example, Chalmers & 
Voorvaart, 2009; Pitts & Jackson, 2007; Wolverto & Bottemiller, 2003; Elliott & 
Wadley, 2002; Furby et al., 1988; Hamilton & Schwann, 1995). According to 
Hamilton & Schwann (1995), the value of properties adjacent to high voltage power 
lines decreased by 6.3%, while results from Rosier’s (2002) study suggested that 
they did not exert a negative impact on adjacent properties. Similarly, negative 
externalities of telecommunication towers have been studied using the HP price 
approach (see, for example, Filippova & Rehm, 2011; Bond & Wang, 2005; Bond et 
al., 2003; McDonough, 2003). The results have shown that nearby property prices 
were discounted due to residents’ concerns about the negative health impact from the 
towers. 
 
2.1.3 SOCIO-ECONOMIC FACTORS AND THE EFFECT OF 
ENVIRONMENTAL LAW ON PROPERTY MARKETS 
Socio-economic factors, such as proximity to religious places of worship, 
cemeteries, crime and demographic factors have been issues for people buying a 
property. For example, demand can decrease in suburbs where incidence of crime is 
high. Thompson et al. (2012) examined the impact of religious places on property 
premiums and found that proximity to a religious place was a positive determinant of 
the property price. The study used pre and post treatment models for analysis and 
stressed the importance of considering both pre and post information analysing the 
amenity effect. Furthermore, the HP model was extended to study the effect of 
environmental laws on property values. Kahn et al. (2010) found that the California 
Coastal Act led to an increase in adjacent property values. Similarly, the 
announcement of the London Olympics increased the prices of surrounding 
properties by 5% (Kavetsos, 2012). 
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2.1.4 NATURAL DISASTERS AND THE PROPERTY MARKET 
Most countries are subject to some natural disasters. Extreme weather events 
that cause these disasters, such as floods, droughts, bushfires and cyclones are likely 
to be more frequent in the future if global climate change forecasts are accurate 
(Salinger, 2005). Disasters can be categorized as hydro-meteorological (floods, 
storms, drought), geophysical (earthquakes, tsunami, volcanic eruptions) and 
biological (epidemics and insect infestations) of which hydro-meteorological 
disasters are considered the most damaging (Cavallo & Noy, 2010).  According to 
Keskitalo (2013) water-related hazards comprise 90% of natural hazards.  
Floods harms lives, animals and properties. Stress, loss of one's memorable 
items, health problems, temporary or permanent displacement, and disruption of 
education and work can be some of the more serious negative repercussions. The 
damage caused by such disasters can be categorized into direct and indirect, and each 
can be further categorized as tangible and intangible (Merz et al., 2010). Direct 
damage costs include the cost to properties, agriculture and infrastructure, while 
disruption of services, loss of production and loss of property values are considered 
indirect costs. The increase in natural disasters worldwide makes it necessary to 
examine their likely impact. Policy makers are particularly interested in assessing the 
direct and indirect costs associated with natural disasters. The direct damage costs of 
natural disasters have been extensively investigated, but indirect costs have not. 
Recently, Cavallo & Noy (2010) reviewed empirical work on the cost of natural 
disasters focusing on the post evaluation of direct costs and the data sources for those 
studies. They found that the estimated costs of natural disasters were heterogeneous 
regardless of country. Many researchers have also investigated the indirect costs 
associated with natural disasters for residents by means of estimating the impact on 
property values, as many environmental problems are related to land and house 
markets. 
Different models have been adopted to study the impact of natural disasters on 
property markets. For example, Breisinger et al. (2012) investigated the economy-
wide impact of floods using computable general equilibrium models. However most 
researchers have used the HP pricing model, repeat sales price analysis and price 
indexes to examine the HP pricing model that was widely applied. 
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A number researchers have attempted to study the effect of natural disasters 
and climate change on property markets (see, for example, Bustic et al., 2011 
Nikolaos et al., 2011; Schlenker et al., 2005).  Butsic et al. (2011) applied the HP 
model to simulate the impact of global warming on real estate prices in Canada 
finding a likely negative impact of climate change on housing prices. Moreover, the 
paper compared four locations in Canada and found substantial heterogeneity in the 
impact of climate change on housing prices. Similarly, the influence of natural 
hazards may vary between geographical locations due to its inherent geographical 
characteristics. In general most of these researchers have adopted basic HP pricing 
models. 
The economic impact of earthquakes and cyclones has been extensively 
examined, such as the Kobe earthquake (Horwich, 2000), Hurricane Katrina 
(Hallegatte, 2008) and the Haiti earthquake (Cavallo & Noy, 2010). Most of these 
studies only examined the direct economic costs, although Cavallo & Noy (2010) 
investigated both the direct and indirect costs. All these studies focused on post 
estimation of damage costs rather than studying their effect on the property market or 
changes in property value. 
Another significant natural disaster is wildfires but only a handful of studies 
have investigated the risk of wildfires on the property market. Athukorala et al. 
(2012) show that buyers in the study areas paid higher prices to live close to green 
spaces despite these areas being known as wildfire-prone areas. Their results 
indicated that residents either discounted or were unaware of the risks of wildfires. 
Muller & Loomis (2008) investigated wildfire risks on nearby properties using the 
spatial econometric techniques. Similarly, Donovan et al., (2007) examined the 
impact that information available to residents on wildfire risks had on housing prices 
in Colorado Spring’s wild land-urban interface and showed that ‘pre-website overall 
wildfire risk ratings’ were positively related to house prices. Their results suggested 
that the positive amenity values of the house and neighbourhood characteristics that 
affect a house’s wildfire risks outweighed the perceived loss in house utility resulting 
from those risks. 
Natural disasters can have negative as well as positive externalities, especially 
on natural ecosystems. Cunado & Ferreira (2014) analysed data on flood events in 
135 countries and concluded that these events had a significant impact on economic 
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growth. Moreover, the results showed a very large positive effect in developed 
countries and within the agricultural sector. Fomby et al. (2013) also confirmed the 
positive effects of natural disasters on economic growth. A further advantage is that 
following a natural disaster, some sectors such as construction and those associated 
with rebuilding are likely to boom. Events like floods can also increase soil fertility 
and increase agricultural productivity. Some reports have argued that such incidences 
are a natural phenomenon and are necessary for the stability of ecosystems. 
However, this research has looked only at overall economic growth and not largely 
considered indirect effects. Infrequent natural disasters can result in huge welfare 
losses compared with more frequent events (Barro, 2009). The next section discusses 
the relevant literature on the impact of floods on property values. 
 
2.2 THE IMPACT OF FLOODS ON PROPERTY MARKET VALUES 
Historically, living close to water bodies has been preferred when establishing 
residential areas due to their amenity and recreational values. Empirical evidence 
shows that proximity to water bodies, such as rivers, creeks, lakes or beaches 
positively impacts surrounding properties (see, for example, Gopalakrishnan et al., 
2011; Hamilton & Morgan, 2010; Lansford & Jones, 1995). Of the different models 
used to estimate the recreational value of water bodies, Lanford & Jones (1995) 
adopted the HP price analysis to estimate the recreational and aesthetic value of 
Texas Lake on surrounding properties. Gopalakrishnan et al. (2011) showed that 
properties close to quality beaches have a higher value compared to properties 
further away from the beach. In the recent past, due to natural disasters, properties 
close to water bodies are more susceptible to risk, with some areas suffering from 
potential flooding. Hence, water bodies can be considered in two ways: providing 
amenities to closer properties as well as dis-amenities due to floods. A higher 
correlation between environmental amenities and flood risk has been observed (see, 
for example, Bin et al., 2008a and 2008b). Therefore, it is important to focus on both 
the amenities and dis-amenities of such natural hazards on property values. 
The impact of floods and flood risk on properties can be categorized as direct 
and indirect. Most post-evaluation reports are confined to discussing the direct 
effects of such disasters on properties (see, for example, Queensland Government, 
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2011; Bett, 2002). Like any other natural disaster, it is difficult to place a monetary 
value on the indirect effect of floods despite their considerable impact. Therefore 
indirect valuation techniques are employed in estimations. The impact of floods on 
property values can be analysed by examining the influence of floodplain location or 
the impact of actual flooding. Most studies have therefore examined the influence of 
floodplain location on property prices (see, for example, Rambaldi et al., 2013). 
The results of flood-related studies have been mixed. Most have found that 
flooding and floodplain locations negatively impact residential properties, while 
several have concluded there was a negligible effect. Zhai & Fukuzono (2003) found 
the Tokai flood in Japan in 2000 had a negative effect on land values, although 
residents were shown to prefer cheap land in spite of flood risk. Other empirical 
evidence has shown that floods or floodplain-related variables are negatively 
correlated and significant variables for property values (see, for example, Rambaldi 
et al., 2013; Zhai & Fukuzono, 2003; Donnelly, 1989). However the findings from 
different studies vary due to the use of different methodologies and the nature of 
impacts (Lamond & Proverbs, 2006). In addition, the discount applied to property 
values varies according to the country and location. Results have also been 
dependent on the specification of independent variables and the quality of data. 
Among different methodologies employed to investigate the incidence of 
floods, HP price analysis, price indexes, comprehensive surveys and computable 
general equilibrium (CGE) models have been common in the literature. Many 
researchers have employed HP analysis to investigate the relationship between flood 
risk and property values (see, for example, Rambaldi et al., 2013; Lamond et al., 
2010; Zhai & Fukuzono, 2003; Harrison et al., 2001; Fridgen & Shultz, 1999). The 
HP analysis is essentially a microeconomic approach for investigating flood-risk on 
property market.  
A CGE model has been used to investigate the macroeconomic impact of 
floods (see, for example, Breisinger et al., 2012). These studies have not necessarily 
focused on the impact of floods on property values. The study undertaken by Eves 
(2004) is an example of a descriptive study. Recently, the life satisfaction approach 
has been employed to investigate flood incidence (see, for examples, Frey et al., 
2010: Luechinger & Raschky, 2009). In these studies the flood-related variables have 
been incorporated in the micro-econometric life satisfaction function through which 
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the price discount has been calculated. According to Luechinger & Raschky (2009), 
floods impact negatively on life satisfaction. 
Eves (2004) compared the impact of flooding on English and Australian 
residential properties and concluded, based on a comprehensive survey, that flood 
free properties outperformed the flood liable properties in the same location. All 
these studies considered properties in flooded areas or floodplain locations but did 
not consider properties in adjacent areas. Any negative impact (price decreases) on 
flood affected properties were likely to increase the demand for non-affected 
surrounding properties. 
According to Donnelly (1989) house prices within floodplain areas were 
reduced by 12%, while Fridgen & Shultz (1999) found that the price reduction was 
about 19%. Both these studies used standard HP valuation techniques. Also, property 
tax assessors and insurance companies have estimated discounts that could be 
applied to flood plain properties. Empirical evidence has shown that the price 
differential is less than the price estimates by tax assessors and insurance companies 
(Harrison et al., 2001). This brief review stresses the importance of having unbiased 
estimation regarding the impact of floods on the property market. 
Flood-related studies have shown that the impact of floods on housing prices 
has a temporary effect which fades away within a short period (see, for example, 
Lamond & Proverbs, 2006; Eves, 2004). Eves (2004) used a survey method in 
examining the property price behaviour before and after floods while Lamond & 
Proverbs, (2006) used a descriptive analysis to show that floods in the UK negatively 
affected property values. According to Lamond & Proverbs (2006) the negative 
effect faded within three years.  
Only a few studies have considered the spatial effect in their estimation of the 
impact of flood on property values and the risk of floods. Bin et al. (2008a and 
2008b) adopted spatial autoregressive HP models whereas Samarashinghe & Sharp 
(2010) and Rambaldi et al. (2013) adopted a spatial error model. Samarashinghe & 
Sharp (2010) also investigated the impact of the availability of information about 
natural hazards on the property market. 
The selection of flood-related variables is assumed to have some influence on 
the econometric estimation. Sirmans et al. (2005) revived past hedonic studies to 
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illustrate the impact of different variables on model specification. The study 
highlighted most commonly used and important property price determinants. Most 
flood related studies were shown to have used either distance to the river or 
properties within the flood plain location as a flood variable - other than commonly 
used structural characteristics. However, the inundation depth was rarely considered. 
For instance the Tokyo flood incident in September 2000 was examined in terms of 
land values. In that study the impact of primary flood damage was represented as 
inundation depth in the hedonic model (Zhai & Fukuzono, 2003).  
According to Lamond (2008), flood-related estimates are area specific. Similar 
to previous studies, UK evidence showed that flood depreciates property values. 
However, applications of the HP technique to assess the real impact of natural 
disasters on real estate in Australia are scarce. A recent study estimated the likely 
impact of floodplains on property values within selected suburbs of the BCC 
(Rambaldi et al., 2013). The study was carried out after the release of flood maps by 
the BCC to examine its impact on the property market. The study, however, did not 
capture the actual impact of floods on affected properties and those that were not 
affected. Furthermore, the study did not consider the spatial and temporal variation 
of negative impacts: for example, impacts on different submarkets and temporal 
variation. The actual impact of such disasters on the property market can be observed 
a few years after the incident on release of risk information. According to the 
reviewed literature none of these studies have quantified the impact on the 
surrounding non-affected areas. The majority of them have adopted the HP price 
analysis in empirical investigation. The remainder of this chapter Thus flood effects 
were shown to vary across different property submarkets therefore focuses on the 
theoretical development and estimation issues associated with HP studies on areas 
surrounding flood affected areas. 
 
2.3 THE THEORY OF HEDONIC PROPERTY PRICE ANALYSIS 
The valuation of environmental goods is challenging since they do not attract 
direct supply and demand functions in the market. Several econometric techniques 
have, therefore, been developed to estimate the indirect costs and benefits of 
environmental goods. Both the stated and the revealed preference methods have been 
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used to assess the indirect cost and risk of natural disasters in the economic literature. 
Freeman (2003) discussed the advantages and disadvantages of both approaches. 
Stated preference methods, which include the contingent valuation method and 
choice experiments, are based on interviews or surveys to assess the willingness to 
pay (WTP) for reducing the risk of natural disasters such as floods. A disadvantage 
of stated preference methods however is that respondents may be biased. 
Additionally, choice models have not been found to be appropriate for identifying 
underlying preference structures, as too many factors can influence housing choices 
(Timmermans et al., 1994).  
The revealed preference method is based on actual consumer behaviour in the 
market. This model applies the assessment of the WTP value for different scenarios. 
Most of the housing market studies have adopted the revealed preference approach 
where environmental amenities and dis-amenities are exogenously determined. 
Individual consideration regarding flood risks, for example, may be heterogeneous 
with other similar housing characteristics.  
The HP valuation method is one of the widely accepted methods used to 
estimate the indirect costs of natural hazards including floods. The history of HP 
price models and its applications goes back to the 1960s, with the seminal work by 
Rosen (1974) making a major contribution to the application of hedonic theory 
which has been further developed by other researchers, particularly Anselin (1988), 
Freeman (2003) and Griffith et al. (2003). The HP model has been evolved to assess 
the contribution of a product’s different characteristics that ultimately determine its 
market price. The theory and its application has since become a standard tool in 
environmental valuation due to its well-established theoretical framework. The HP 
price function can be used to estimate the overall price indices of a property and to 
estimate the consumer demand for a property’s different attributes. Its wide 
application includes estimation of willingness to pay for environmental amenities 
(open space, proximity to parks, forest and natural habitats etc.), estimation of the 
cost of environmental pollution (air pollution, water pollution, proximity to industrial 
zones and highways, etc.), estimation of the cost of natural disasters (flood, 
earthquake, tsunami etc.) and impacts of climate change as discussed above. The 
flexibility in its application over a long period of time has led to the advancement of 
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the methodology which reflects the applicability of the model in addressing different 
economic issues. 
More recently, a number of HP price studies have suggested that in a cross-
sectional HP price analysis, the value of a property in one location may also be 
affected by the property value in its neighbouring area. In this sense observations 
made at different locations may not be independent. The observations measured at 
nearby locations may have a higher correlation than observations made at locations 
further away. This phenomenon is called spatial autocorrelation or spatial 
heterogeneity. According to Anselin (2009), the spatial econometric technique dates 
back three decades, but its application became common in the mid-2000s. However, 
commercial econometric software is yet to be developed to easily estimate spatial 
statistics. Anselin & Hudak (1992) have reviewed possible software options to 
address spatial issues. With recent contributions, the application and theory of spatial 
econometrics is further evolving (see, for example, Anselin, 1988, 1990 and 2009; 
Anselin & Hudak, 1992; LeSage, 1997; Cameron, 2006; Mallios et al., 2009).  
Ignoring this spatial effect may cause ordinary least square (OLS) estimation to 
be either inconsistent or inefficient, which suggests that the spatial effect is one of 
the major econometric issues in the estimation of HP models. Hayunga & Pace 
(2010) found that commercial property markets show a spatial correlation due to 
inherent geographical characteristics. In recent studies, spatial variability has been 
captured in hedonic estimation using spatial econometric techniques (see, for 
example, Hayunga & Pace, 2010; Osland, 2010; Mallios et al., 2009; Cameron, 
2006). The spatial variability can be incorporated in hedonic models by including 
spatial lagged dependent variables and a spatial error term. Mallios et al.’s (2009) 
application of spatial hedonic models in the valuation of irrigation water concluded 
that spatial methods are more efficient and consistent compared to traditional OLS 
estimation. Instead of using spatial econometric models, studies such as 
Fortheringham et al. (1998) and Duarte & Tamez (2009) adopted geographically-
weighted regression methods to capture the spatial effects, whereas others have 
considered market segmentation to minimise the spatial bias on estimations (see, for 
example, Dorsey et al., 2010; Wilhelmsson, 2004). 
Muller & Loomis (2008) compared spatial and non-spatial HP pricing models 
to examine negative externalities based on all possible neighbourhood characteristics 
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in a relatively small study area. Contradictorily the results did not show any 
significant difference between two estimated coefficients although the data used 
were spatially correlated. Interestingly, Neill et al. (2007) compared OLS and 
maximum likelihood estimation (MLE) and concluded that the MLE method 
outperforms the traditional OLS method since MLE estimates consider spatial 
variability. The remainder of this chapter discusses the theoretical background of the 
HP model and the econometric issues of spatial autocorrelation, heterocedasticity, 
multicolinearity and selection of the functional form. 
 
2.4 THEORETICAL BACKGROUND 
In a competitive market, price is determined by the market mechanism in such 
a way that there is an interaction between consumers’ demand and producers’ supply. 
This model is applicable when a product is homogeneous in nature. Although this 
simple concept is applicable to many goods, the price of some goods is not directly 
determined by the basic supply and demand of a product. Such is the case, for 
example, with the property market properties may differ due to their inherent 
characteristics and environmental amenities where different properties consist of 
different characteristics. The property market is not homogenous and can vary based 
on a number of factors (e.g. housing structure, location, neighbourhood and 
environmental characteristics). Also, properties are spatially located, where spatial 
characteristics are also heterogeneous. Hence, the property market is a good example 
of differentiated products. In such a situation, price is determined by a combination 
of characteristics. The market mechanism determines the price for different 
characteristics of the good, and the final price reflects a bundle of characteristics. 
However, there is no direct observation of price according to each attribute of a 
property. Hence, the supply and demand for property implicitly determines the 
characteristic’s marginal contribution to the price. Rosen (1974) described the 
behaviour of differentiated products in the market using HP model which is later 
employed to investigate many environmental issues.  
Flood damage, for example, makes property less desirable. Rational buyers 
take into account the cost of damage that can result from flood risks, as well as 
possible health risks, stress, loss of sentimental items and relocation costs. Therefore 
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the potential loss associated with flood risk becomes incorporated in consumers’ 
decision-making process. Thus rational consumers are likely to choose risky 
properties only if they can compensate potential flood losses with other attributes. 
Therefore, the WTP for a reduction in flood risk is based on the relationship 
between house price differentials due to flood risk and rational consumer behaviour. 
From a consumer point of view, an individual's ‘purchase’ decision of a house is a 
unique assessment of amenities and dis-amenities which reflect individual behaviour. 
The consumer is likely to make decisions in such a way that maximizes his/her 
expected utility. Similarly, the supplier reduces the price if the property is at risk. 
The underlying premise behind the price theory of the property market is rational 
behaviour by consumers (buyers) and producers (sellers) whereby buyers and sellers 
evaluate different alternatives and choose the best in order to maximize total utility. 
Hence, the theoretical model is based on the assumption that buyers and sellers 
behave rationally. 
Holding everything else constant, properties in flood risk areas may be valued 
lower than similar properties located in less risky areas. The discount (the price 
difference) may not equate to the discount due to flood risk but could also represent 
the net effect of all attributes. When a product (property) is viewed as a bundle of 
these attributes, and if these attributes can be quantified, its utility can be 
decomposed among the attributes by comparing it with the demand for similar 
products (either a hypothetical property, an identical non-flood plain property, or pre- 
and post- incidence) whose bundle differs in some way. These competing products 
are known as heterogeneous because they have different levels of the underlying 
attributes. Given that the price theory can be extended to estimate actual demand for 
a particular attribute. This is the basis for the theory of hedonic prices or implicit 
prices. 
 
2.4.1 THE BUYERS’ BEHAVIOUR (DEMAND) 
In HP theory, it is assumed that each household purchases one property at a 
time and those householders are price takers. Households derive utility from a 
property’s individual characteristics, and this utility can be expressed as a function of 
the quantity of each characteristic (such as structural characteristics (z1), 
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environmental characteristics (z2) and neighbourhood characteristics (z3)). Therefore, 
the property price (pi) can be expressed as a function of the vector of characteristics 
(structural, environmental and neighbourhood characteristics). 
 pi = p(Z1, Z2, Z3)                  Eq.2.1     
  
For simplicity, it can be expressed as: 
 pi = p(Z)                        
 
where, Z is the vector of characteristics. 
 
The household chooses the level of each characteristic with given market price 
and income. Households prefer more characteristics (desirable) than less 
(alternatively, less risk or undesirable characteristics than more). Also, it is assumed 
that the utility function is strictly quasi-concave. The household’s utility function can 
be expressed as a function of a composite good, X, and the vector of characteristics 
as follows: 
 U = u(X, Z)                  Eq.2.2 
 
Household budget constraints can be expressed as: 
 M = X + p(Z)                   Eq.2.3 
  
where, M is the household income. 
Households choose the level of Z and X to maximize utility (Eq. 2.3) subject to 
the budget constraint (Eq. 2.4). The maximisation situation can be solved for the 
Lagrangian equation: 
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L = u(X, Z) + λ�M − X − p(Z)�                              Eq.2.4 
  
The Lagrangian equation can be differentiated with respect to X, Z and λ and 
the first order condition can be expressed as: 
 
∂L
∂zi
= Uzi − λPzi = 0                          Eq.2.5 
 
∂L
∂x
= Ux − λ = 0                              Eq.2.6 
 
∂L
∂λ
= M − x − P(z) = 0                    Eq.2.7 
 
where, Uzi is the partial derivative of the utility function with respect to ith 
property characteristic, and Ux is the partial derivative of the utility function with 
respect to x.  
From equation 2.6 and 2.7: 
 
Uzi
Ux
= Pzi(zi)                      Eq.2.8 
 
The top left hand side of equation 2.8 can be interpreted as the extra utility 
gained from choosing ith property characteristic and the denominator is marginal 
utility gained from the other good, x. The right hand side is the marginal implicit 
price of ith property characteristic which is equal to the marginal willingness to pay 
(MWTP). Parameters of the HP equation are interpreted as the implicit price of 
property characteristics. Equation 2.8 with a negative sign can be expressed as the 
marginal rate of substitution. Considering the indifference curve, equation 2.3 can be 
solved for x, the general expression for indifference curve can be obtained. 
 x(z; u)                      Eq.2.9 
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According to Rosen’s (1974) definition, 𝑈𝑧𝑖 𝑈𝑥⁄  is the slope of the ‘bid 
function’. The bid function can be expressed as: 
 
Ɵ = M − x                     Eq.2.10 
 
The bid function can be interpreted as the total amount a household can pay for 
a property’s characteristics, after the household’s expenditure on other goods. 
Combining equation 2.9 and 2.10, the bid function can be simplified as follows: 
 
Ɵ(z; M, U)                    Eq.2.11 
 
The bid function is the maximum amount that a household would pay for a 
property characteristic to achieve the given level of utility with household income. It 
shows the indifference relationship. The bid function can be represented as a bid 
curve as depicted in Figure 2.1. 
 
 
 
 
 
 
 
 
Figure 2.1: The bid curve 
 
As Figure 2.1 depicts, the household with a bid function, Ɵ(z; M, U1) is better 
off than the household with bid function, Ɵ(z; M, U0) since the former pays less for 
the same utility. Households choose an optimal combination of bid and budget 
Willingness 
to pay for zi 
Quantity of 
characteristic i 
Ɵ(𝑧;𝑀,𝑈0) 
Ɵ(𝑧;𝑀,𝑈1) 
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constraint. Equation 2.4 can be rearranged and the hedonic price function can be 
obtained as follows: 
𝑷(𝒛) = 𝑴−𝑿                Eq.2.12 
 
The equilibrium condition is given by the interaction of hedonic price function 
and bid function which is depicted in Figure 2.2. It is the point of tangency between 
two curves. 
 
 
 
 
 
 
 
 
 
 
Figure 2.2: Household optimal choice. 
 
2.4.2 THE SELLERS’ BEHAVIOUR (SUPPLY) 
According to the HP theory, it is assumed that property owners only sell one 
property at a time. Hence the property owner faces a cost function as invested on the 
property (initial purchasing or construction cost). 
𝑰 = 𝑷(𝒁𝟎)          Eq.2.13 
 
Further, the property owner’s costs may be the initial purchase or construction 
cost, maintenance costs and change of characteristics. For simplicity, the cost 
consists of initial cost and the vector of characteristics. Then, the property owner’s 
objective is to maximize profits: 
𝝅(𝒛;𝜹) = 𝑷(𝒛) − 𝑪(𝒛;𝜹)                 Eq.2.14 
 
Willin
gness 
to pay 
for zi 
Quantity of 
characteristic i 
𝑃(𝑧) Hedonic price function 
Ɵ(𝑧;𝑀,𝑈) Bid curve 
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The first order condition of equation 2.15 gives the marginal revenue that will 
result from providing additional units of the characteristic. Rosen’s (1974) ‘offer 
function’ describes the combination of characteristics and price that results in the 
same level of profit. 
 
∅(𝒛;𝜹,𝝅) = 𝝅 + 𝒄(𝒛;𝜹)              Eq.2.15 
 
 
Similar to the bid curve, the offer function can be illustrated as an offer curve 
as depicted in Figure 2.3. As explained in the bid curve, the higher offer curve results 
higher profit for the property sellers. 
 
 
 
 
 
 
 
 
Figure 2.3: The offer curve 
 
Similarly, two offer curves as shown in Figure 2.3 may change as a result of 
the change of a particular characteristic. For example, z1 is the offer curve before the 
flood risk and z0 is after the flood risk. If two curves incur the same profit, the 
difference will show the cost in the reduction of the flood risk. 
The property owner makes an optimal decision or sets a price based on a 
combination of characteristics with respect to the market hedonic price function. It is 
comparable to the household decision. The equilibrium situation is given in Figure 
2.4. 
 
Willingness 
to accept 
for zi 
Quantity of 
characteristic i 
∅(𝑧; 𝑧1, 𝛿,𝜋) 
∅(𝑧; 𝑧0, 𝛿,𝜋) 
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Figure 2.4: Property owners’ optimal choice 
 
 The hedonic equilibrium condition can be given by the interaction between 
buyers and sellers. As the above section describes, buyers aim to maximize utility 
with the lowest bid while sellers aim to maximize profit with the highest offer. The 
equilibrium represents the tangency with the hedonic price function which is 
illustrated in Figure 2.5. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.5: Hedonic equilibrium 
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2.5 ECONOMETRIC ISSUES IN HP ANALYSIS 
This section examines the econometric issues that should be addressed when 
estimating the HP price function. Spatial autocorrelation, multicolinearity and 
heteroscedasticity have been frequently discussed by previous researchers. Many 
researchers have also discussed the selection of functional form, selection of 
explanatory variables for the better inference. Among these issues, spatial 
dependence has been widely investigated and techniques have been developed for 
identification and to capture the spatial dependency. 
 
2.5.1 SPATIAL DEPENDENCE IN HP ANALYSIS 
The OLS estimation of linear regression models assumes that observations are 
independent of each other. The location of the property in the market is an important 
determinant of its price. The value of a property is affected by the characteristics of 
an adjacent property, which shows the spatial effect. For instance, properties with 
similar characteristics tend to cluster together. Therefore, even the socio-economic 
characteristics of neighbours may be similar. Sellers also have a tendency to consider 
the price of recently sold surrounding properties when deciding on a sale price. Even 
real estate agents set the average price for each characteristic. Other than these 
reasons, omitted explanatory variables and measurement errors may cause the special 
interaction in the property market (see, for example, Kostov, 2009). 
Spatial econometric techniques are used to capture the spatial variability of 
properties. The assumption of an independent and identical distribution of the error 
term in OLS estimation is not satisfied due to the spatial effect (Anselin, 1988). In 
such a case, OLS estimation for the coefficient β of the hedonic model is biased, thus 
making MLE more appropriate. Comparing the traditional HP model with the spatial 
HP model, Neill et al. (2007) concluded that spatial MLE outperforms the OLS 
estimation of HP functions in two ways: by representing the spatial autocorrelation in 
the error term, and providing the expected sign and predictive power. According to 
Mallios et al. (2009), the efficiency and consistency of parameter estimation can be 
improved through the application of spatial models. 
Numerous empirical studies have either used a weight matrix approach (see, 
for example, Kim et al., 2003) or geo-statistics approach (see, for example, Basu & 
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Thibodeau, 1998) for modelling spatial dependence in HP analysis. Generally, two 
spatial regression models are used in the weight matrix approach on which this study 
is based - namely the Spatial Lag Model (SLM) and the Spatial Error Model (SEM) 
(Anselin, 1988). The Spatial Lag Model aims to incorporate spatial dependence 
through the space, whereas the latter uses the error term. The spatial lag model 
assumes that the spatially weighted average of neighbouring housing prices affects 
the price of a house. Therefore, the spatially weighted averages of housing prices are 
considered to be independent variables in addition to other explanatory variables. 
The spatially weighted averages of housing prices indirectly affect house prices. 
Instead of assuming this indirect effect, the error model assumes that one or more 
omitted variables in the hedonic equation vary spatially. Therefore, the error terms of 
the hedonic equation tend to be spatially autocorrelated (Kim et al., 2003). Other 
different spatial models used are geographically weighted least squares (GWR) and 
spatial mixed models (SMM). 
In the present study, in order to incorporate spatial impacts, OLS models were 
first estimated and tested for spatial autocorrelation using  Moran’s I test. For this 
purpose, the spatial weight matrix was estimated using geographical coordinates. 
Generally, Moran’s I statistics and the Lagrange Multiplier (LM) test are used 
to test the spatial correlation and selection of type of spatial model. Moran’s I 
statistic has been considered an appropriate test for understanding presence and type 
of spatial autocorrelation ranging from  between -1 to +1, where -1 implies extreme 
negative spatial dependence and +1 implies extreme positive spatial dependence. 
Moran’s I statistic can be estimated using the following equation: 
 
𝑴𝑴𝑴𝑴𝒏′𝒔𝑰 =  𝒏
∑ ∑ 𝒘𝒊𝒊𝒊𝒊
∑ ∑ 𝒘𝒊𝒊(𝒙𝒊−𝒙�)�𝒙𝒊−𝒙��𝒊𝒊
∑ (𝒙𝒊−𝒙�)𝟐𝒊                Eq.2.16 
 
where, x is the mean of the x and wij  the elements of the weight matrix. 
The LM test statistics are suitable for selecting spatial functional form. By 
examining the LM robust test statistics the correct spatial model - either spatial lag or 
spatial error model - can be selected. 
The two most commonly used models are exhibited in the following section. 
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The spatial lag model can be expressed as:  
 
𝒑 =  𝝆𝝆𝒑 +  𝜶 +  ∑𝜷𝒊𝒙𝒊 +  𝜺                   Eq.2.17 
𝜺~𝑵(𝟎,𝝈𝟐𝑰𝒏) 
where, ‘ρ’ is the spatial autocorrelation parameter and ‘W’ is the spatial weight 
matrix. ‘W’ is a n × n matrix where n is the number of observations, and ‘p’ and ‘x’ 
are vectors of housing prices and explanatory variables respectively. Explanatory 
variables include structural, neighbourhood and environmental characteristics. ‘β’ is 
the estimated coefficients of explanatory variables. The error term ε is assumed to be 
independent and identically distributed. 
The spatial error model can be expressed as: 
𝒑 =   𝜶 +  ∑𝜷𝒊𝒙𝒊 +  𝒖                     Eq.2.18 
𝒖 =  𝝀𝝆𝒖 +  𝜺 
𝜺~𝑵(𝟎,𝝈𝟐𝑰𝒏) 
where, ‘λ’ is the coefficient of the spatially correlated error and ‘Wu’ is the 
spatially lagged error term. ‘W’ is a ‘n × n’ matrix where ‘n’ is the number of 
observations, and ‘p’ and ‘x’ are vectors of housing prices and explanatory variables 
respectively. Explanatory variables include structural, neighbourhood and 
environmental characteristics. ‘β’ are  the estimated coefficients of explanatory 
variables. The error term ‘ε’ is assumed to be independent and identically distributed. 
The definition of weight matrix is most important in spatial econometrics 
which is used to model the structure of the spatial relationship among observed 
properties. For example, the spatial weight matrix indicates whether property ‘i’ and 
‘j’ are spatially close. In order to incorporate the weight matrix into regression 
analysis, the spatial weight matrix should be row-standardized, which means the sum 
of each row is equal to one. The spatial weight matrix can be defined based on either 
contiguity or distance. The first method considers whether observations are 
contiguous, and the second method considers the distance between two observations.  
Based on contiguity, the weight matrix element (wij) can be defined as; 
𝑤𝑖𝑖 = �1 𝑖𝑖 ′𝑖′ 𝑖𝑖 𝑐𝑐𝑐𝑐𝑖𝑐𝑐𝑐𝑐𝑖 𝑐𝑐 ′𝑗′0 𝑐𝑐ℎ𝑒𝑒𝑤𝑖𝑖𝑒                            
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Similarly, based on distance, the it(?) can be defined as follows; 
𝑤𝑖𝑖 = �1 𝑖𝑖 𝑑𝑖𝑖𝑐𝑑𝑐𝑐𝑒 𝑏𝑒𝑐𝑤𝑒𝑒𝑐 𝑖′ ′𝑑𝑐𝑑 𝑗′ ′ < 𝐷0 𝑐𝑐ℎ𝑒𝑒𝑤𝑖𝑖𝑒                                                  
assuming that beyond distance D, there is no spatial effect. This can be further 
developed weighting the distance between two observations where close properties 
have more impact than properties far away. Put another way, the distance is inversely 
proportional to the weight.  
𝑤𝑖𝑖 = �1 𝑑𝑖𝑖⁄  𝑖𝑖 𝑑𝑖𝑖𝑐𝑑𝑐𝑐𝑒 𝑏𝑒𝑐𝑤𝑒𝑒𝑐 𝑖′ ′𝑑𝑐𝑑 𝑗′ ′ < 𝐷0 𝑐𝑐ℎ𝑒𝑒𝑤𝑖𝑖𝑒                                                           
Using x and y coordinates of each property, distance can be calculated using 
analytical software.  
Although the MLE method is preferable to the OLS method for estimating HP 
analysis, researchers have pointed out that it is problematic (see, for example, Neill 
et al., 2007).  The available computer programmes are insufficient to analyse large 
data sets, with most studies using fewer than 1,000 observations for MLE. The 
method is also unsuitable for spatially scattered data sets. 
 
2.5.2 OMITTED VARIABLES IN HP ANALYSIS 
The omitted variable bias is one of the major problems with the HP price 
model estimation, an issue raised by a number of researchers (see, for example, 
Heintzelman & Tuttle, 2012; Kuminoff et al., 2010). A review of the HP price model 
application used to measure environmental externalities has stressed the importance 
of including all relevant measures of externalities and all other possible variables for 
estimation of a precise model (Boyle & Kiel, 2001). Sirmans et al. (2005) reviewed 
125 hedonic studies on the composition and application of different characteristics in 
the hedonic model and identified the most frequently significant variables. Different 
consumers value house characteristics in varied ways, and this variation may have 
been be a result of regional differences in property markets (Sirmans et al., 2005). It 
may also differ with the value of the property (Zietz et al., 2008). However empirical 
studies on natural hazards and flood or flood plains have not considered value 
differences among properties in their modeling. Most studies select the explanatory 
variables depending on the availability of data. However, missing variables can be 
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the most important source of bias in HP price model estimation (McMillen & 
Thorsnes, 2006). 
Omitted variables can also generate biased results because they may correlate 
with included variables. The random component in the HP model represents the 
unobserved characteristics rather than omitted variables. The use of panel data or 
repeated sales data avoids the omitted variable biases. As suggested by Parmeter & 
Pope (2013), a neighbourhood-specific effect can be introduced to the HP function. 
The unobserved component is similar to two observations and can be controlled. The 
flexible analytical framework that combines spatial effect and quasi experimental 
technique can minimise the impact of omitted variable bias in hedonic specification 
(Kuminoff et al., 2010). 
 
2.5.3 MULTICOLLINEARITY 
Multicollinearity is a common problem in multiple regressions, when two or 
more independent variables are linearly correlated, and can causes problems in 
estimating regression coefficients. In HP price analysis 
When large numbers of explanatory variables are used, multicollinearity is one 
of the possible errors and it should be considered when selecting variables 
(Bialaszewski & Newsome, 1990). 
 
2.5.4 HETEROSCEDASTICITY 
Hetaroscedasticity is related to the disturbance term where the variance of the 
disturbance term is not normally distributed. It implies that the error terms for 
different values of the independent variables are different and hence the variance of 
the error term is different for each observation. Heteroscedasticity has serious 
consequences for OLS estimation. With the presence of heteroscedasticity, the 
classical OLS estimation is no longer BLUE. Although the OLS estimation is 
unbiased it is not optimal. It results in inaccurate confidence intervals and hypothesis 
tests. The topic relating to HP analysis has been discussed by Fletcher et al. (2000) 
and Goodman & Thibodeau (1997, 1998). The generalized least square (GLS) 
procedure provides a better estimation for the coefficient when heteroscedasticity is 
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identified. Alternatively, many researchers have used semi-log functional form to 
avoid the problem. 
 
2.6 CHOICE OF FUNCTIONAL FORMS 
As is standard with econometric analysis, the specification of hedonic models 
plays a crucial role in determining the accuracy and precision of coefficients. 
Misspecification of functional form results in biased inferences, which makes it 
highly unlikely that the slope will represent the MWTP. Basically, there are six 
functional forms in econometrics; linear, semi-log, double-log, quadratic, linear Box-
Cox and quadratic Box-Cox. The selection of the functional form for the HP price 
model has been discussed in detail by Halvorsen & Pollakowski (1981) and Can 
(1992). Kuminoff et al. (2010) discussed the functional form specification in a non-
parametric approach. 
 
2.7 MARGINAL WILLINGNESS TO PAY (MWTP) 
In the present study, after the appropriate model was estimated, the MWTP 
values for different variables were estimated. If the specified model is Y(H,N,M) 
(where, H, N and M are different attributes), the MWTP for interest attributes is as 
follows: 
 
𝑷�𝑴 =  𝝏𝒀(𝑯,𝑵,𝑴)𝝏𝑴                          Eq. 2.11 
 
The derivative of the HP price function with respect to a particular independent 
variable results in the estimation of its marginal implicit price. Since the property 
market is assumed to be in equilibrium for the conventional HP function, it can be 
interpreted as the MWTP. However, in the spatial lag model, it should be adjusted 
for special dependence (Kim et al., 2003). Equation 2.18 can be rewritten as: 
𝒑 =  𝝆𝝆𝒑 +  �𝜷𝒊𝒙𝒊 +  𝜺 
𝒑[𝟏 − 𝝆𝝆] =  ∑𝜷𝒊𝒙𝒊 +  𝜺                        Eq. 2.22 
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𝒑 =  [𝟏 − 𝝆𝝆]−𝟏 ∑𝜷𝒊𝒙𝒊 + [𝟏 − 𝝆𝝆]−𝟏𝜺                                                Eq. 2.23 
𝒑 =  [𝟏 − 𝝆𝝆]−𝟏�𝜷𝒊𝒙𝒊 + 𝒗 
Then, the marginal implicit price can be derived as: 
𝝏𝒑
𝝏𝒙𝒊
=  [𝟏 − 𝝆𝝆]−𝟏𝜷𝒊                        Eq. 2.24 
 
2.8 SUMMARY 
This chapter broadly consists of two parts; the characteristics of property in the 
property market and theoretical background of HP price analysis. The first part of the 
chapter discusses the importance of property and environmental characteristics in 
determining property price, with special consideration given to natural hazards. The 
latter part of the chapter covers the theoretical background of the HP model. 
Indicated is that that HP theory has been applied in many fields after Rosen’s (1974) 
seminal paper. Rosen’s theory is then briefly discussed in relation to buyers and 
sellers. Finally, several econometric issues are discussed.  
However, for this study different econometric techniques are used based on HP 
price theory to address specific objectives and which are discussed under respective 
chapters. As well all specific objectives are discussed analysing property transaction 
data. The next chapter will discuss the data collection method using the GIS 
application. 
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Chapter 3: Study Areas and Data Collection 
The identification of a suitable study area and collection of a reasonable data 
set for empirical investigation of the research hypothesis is important, mainly 
because of the property market’s heterogeneity. It has been recognized that because 
of high locational variation and diversity in the property market, submarkets can 
behave differently (see, for example, Farmer & Lipscomb, 2010). The diversity 
exists given the property market’s heterogeneity including locational variation. Small 
scale hedonic studies are therefore unable to capture the actual variation and 
accurately represent all submarkets. Accordingly, this study’s sample selection was 
designed to capture all variation.  
The BCC suburbs were selected as a case study to empirically investigate the 
possible economic impact of natural disasters (floods) on the property market in the 
council area. In the first section of this chapter, a historical overview of natural 
disasters with special emphasis on flood events in Brisbane (Queensland, Australia) 
is provided. The selection of samples for the study and general characteristics are 
then described. This study required the merging of several data sources to prepare the 
required database. The use of Geographical Information System (GIS) techniques in 
construction of the dataset is discussed in section 3.3.1. Section 3.4 then lists all 
variables used for the various econometric analyses. Descriptive statistics of selected 
suburbs are presented in section 3.4, and the chapter concludes by discussing the 
limitations of the data collection (section 3.5). 
 
3.1 FLOODS AND NATURAL DISASTERS IN BRISBANE/ QUEENSLAND 
As mentioned in chapter one, Australia is prone to severe weather events and a 
variety of natural disasters, such as cyclones, floods and bush fires. Natural disasters 
in Australia have been recorded more frequently at irregular intervals and have long 
since been a part of Australian life. According to BTE (2001) estimates, Queensland 
experiences the second highest frequency of natural disasters of any Australian state.  
Queensland is the second largest state in terms of land area (1,734,238 km2) 
and third largest state in terms of population (20%) in Australia (Brisbane 
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Community Profile, 2014). The BCC incorporates Queensland’s capital with a total 
area of 1,123 km2 covering the lower catchment region of the Brisbane River. More 
than one million people live in the BCC a majority of which (71%) live in private 
dwelling.  
 Brisbane is prone to floods as a result of cyclones and subsequent overflow 
from the Brisbane River. The city is built along the river bank and in a flood-prone 
lower catchment area. Floods can be categorized as major, moderate or minor, and 
according to the Brisbane city gauge specification, a major flood event is determined 
if the reading exceeds 3.5 metres (Figure 3.1). 
 
 
Figure 3.1: Flood level classification and flood effects for Brisbane 
(Adopted from: Flood summary for Brisbane River at Brisbane, Brisbane City 
Council, 2010) 
 
Since the recording of the 1841 flood, thirteen flood-events have been recorded 
in Brisbane. Over the previous two centuries major floods were recorded in 1841, 
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1890, 1893, 1931 and 1974, prior to the 2011 floods4. The 1974 flood peaked at 5.4 
metres while the January 2011 flood peaked at 4.46 metres. However, the damaged 
caused in the latter flood was far higher than in the 1974 flood (Eves & Wilkinson, 
2014) largely caused by the release of water from the Wivenhoe dam (Honert & 
McAneney, 2011). Between 1974 and 2011 only several minor floods were reported 
(Brisbane City Council). 
As shown in Figure 3.2, floods were frequent events in Brisbane prior to the 
1980s, subsequently becoming less frequent. The construction of the Wivenhoe dam 
in the upper catchment area of the Brisbane River was in response to  the major 1974 
floods (Honert & McAneney, 2011), with the aim of mitigating flood events in lower 
Brisbane areas (seqwater)5. It was completed in 1984.  
Flood waters for Brisbane have arisen from various sources including creek 
overland, and river and storm tide flooding (BCC6). According to the BCC flood 
water can be categorized as creek flooding, overland flooding, river flooding and 
storm tide flooding. The 1974 flood was due primarily to a tropical cyclone (Wanda), 
whereas the 2011 flood was mainly due to the release of water from the Wivenhoe 
Dam which coincided with a period of heavy rainfall (Honert & McAneney, 2011). 
From December 2010 to January 2011, heavy rainfall was recorded across 
most of Australia, particularly in Western Australia, New South Wales and 
Queensland. The Brisbane (Queensland) flood was classified as a major event, not 
only in Australian terms, but worldwide. In addition to Brisbane, the Queensland 
cities and towns of Rockhampton, Bundaberg and Toowoomba have also 
experienced severe floods. Since 2011, several flood warnings in Queensland have 
been issued and a number of cities inundated including Bundaberge in 2013.  
 
 
 
                                                 
 
4 Brisbane River Flood History (http://www.brisbane-australia.com/brisbane-river-flood-history.html) 
5 Seqwater, (http://tourism.racq.com.au/__data/assets/pdf_file/0005/45914/lake-wivenhoe-
brochure.pdf) 
6 Brisbane City Council (http:www.brisbane.qld.gov.au/community/community-safety/disasters-and-
emergencies/types-of-disasters/flooding/understanding-your-flood-risk/flood-awarness-map/flood-in-
brisbane-guid-for-residents/source-of-flood-water/index.htm) 
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Figure 3.2: History of flooding in Brisbane 
(Adapted from: Flood summary for Brisbane River at Brisbane, Brisbane City 
Council, 2010) 
 
3.2 STUDY AREA 
Within the context of the above historical background, Brisbane proves an 
ideal study site for empirical investigation, not only due to its history of frequent 
flooding and its major impact on property, but also because of the availability of data 
and information for empirical work. For this study, the first stage of the data 
collection involved the selection of appropriate suburbs after a detailed examination 
of the post-flood maps within BCC (see Appendix A). The flood line clearly 
indicates the suburbs at risk and not at risk of flooding. 
This study considered both affected and non-affected suburbs. The selection of 
the sample suburbs within BCC during the 2011 flood event was based on the need 
to represent the widest possible variation and analysis of different research questions. 
A multistage sampling procedure was adopted to select affected, as well as non-
affected control areas (Figure 3.3). 
First, all suburbs within the BCC were categorized into two groups: flood 
affected and non-flood affected. Flood affected suburbs were selected and ranked by 
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taking the percentage of households belonging to low, medium and high income 
groups7. Three suburbs were selected from each of the three income groups. 
Similarly, three suburbs were also selected from each of the three income groups of 
adjacent suburbs not flood affected but with similar characteristics. In total, 9 
suburbs were selected (see Figure 3.4). The selected suburbs are discussed in detail 
under the section 3.4.1 (overview of selected suburbs).  
 
 
Figure 3.3: Selection of suburbs 
 
The next stage of the data collection was the selection of individual properties. 
All single dwelling (single detached houses) transaction data was considered for the 
period, 2006 to 2013 in this study. Basically, there are two types of dwelling; single 
dwelling (a single house in a block) and multiple dwelling (apartment, flats, unit, 
townhouses and raw housing). For this analysis only single dwellings are considered. 
For this analysis property characteristics such as swimming pool, garden and land 
area which are not applicable to multiple dwelling are considered.  
 
                                                 
 
7 Considering 2011 Census and Statistics Survey  
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Suburbs 
Flood 
affected 
Low 
income 
Medium 
income 
High 
income 
Flood non-
affected 
Low 
income 
Medium 
income 
High 
income 
52 
52 Chapter 3: Study Areas and Data Collection 
3.3 DATA AND VARIABLES 
3.3.1 USE OF GIS FOR DATA COLLECTION 
The unavailability of data needed to perform hedonic model is one of the major 
issues commonly encountered. Some countries have reliable information on property 
transactions and it is possible to capture other information from different sources or 
through use of a primary survey. Research has used different data sources, such as 
transaction survey data, appraisal data, and combinations of these sources. For, 
example, Zabel & Kiel (2000), Shultz (2001) and Shultz & King (2001) used census 
data to perform their study. In some instances, tax assessment records have been 
employed in hedonic estimation (Michael, 2007). However, there is no single 
recognized comprehensive database to estimate HP function. Most researchers have 
merged different sources in order to prepare a required database combining 
transaction data with primary survey data. 
Therefore, a reliable hedonic study can only be conducted if the relevant data 
are available. Fortunately, all the relevant data for this study was available from the 
RP DATA Information Service (www.rpdata.com)8. This database provides a 
comprehensive overview of Australian property sales history and attributes, and 
holds millions of property data records relating to sales, transactions and other 
information, including transaction data for multiple and single dwellings, and 
commercial and vacant properties. Other property datasets, such as Oldlistings are 
also available.  
This study focused solely on single dwelling properties in the selected suburbs 
across the BCC from 2006 to 2013. Property transaction information, structural 
characteristics and visualized information were therefore collected from RP DATA 
(Figure 3.5), as well as observations for each home on the number of days on the 
market, year of construction and housing type. This specific information is crucial 
for determining house price. As discussed in chapter two, many researchers have 
highlighted the importance of environmental amenities, dis-amenities and socio-
economic factors into the housing market. Therefore, housing data were combined 
with other characteristics such as environmental and socio-economic characteristics. 
                                                 
 
8 Access to the data base is subscribed by QUT Library, Staff and student can access for study 
purposes. 
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Figure 3.4: Selected suburbs 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.5: Data collection and preparation with GIS 
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RP DATA provides the street address of each house, allowing their 
geographical coordinates to be obtained through freely available web services9. The 
geographical identifiers were used to create shape files using GIS techniques. 
Property transaction information was then merged with other databases using GIS 
techniques (ESRI ArcGIS software) to construct spatial variables and to gather socio-
economic data from the census database (see Figure 3.5). 
Other relevant data for the study were gathered from different sources. The 
most important policy variables for this study were flood related. Flood plain 
information was freely available on the BCC website, while flood overlay maps were 
obtained from Australian government websites. The distance and depth of inundation 
was calculated using GIS technique in ArcGIS software. The list of primary schools 
and recreational parks was obtained from BCC websites and geo-coded using the 
GIS technique. Digital maps (shape files) of transport networks and land use patterns 
were obtained from government websites. Administration boundaries were obtained 
from the Australian Bureau of Statistics (ABS), as were household socio-economic 
characteristics. These data sources were combined using GIS techniques used by 
previous studies to collect information from digital data (see, for example, Joly et al., 
2009; Kong et al., 2007; Geoghegan et al., 1997).  More recently, Hamilton & 
Morgan (2010) have integrated the GIS technique and HP modelling to measure 
environmental amenities. Joly et al. (2009) used the GIS technique to create visual 
variables for hedonic studies. Property distance and location-specific information 
was obtained from Google Earth maps. 
Only single dwelling houses were considered as part of the data collection, 
while multiple units and commercial properties were ignored. Transaction data were 
collected representing three time periods: before the release of flood maps, between 
releases of flood maps and an actual flood, and after the flood incidence (see 
Appendix C.2 for distribution of observations). All data were adjusted for inflation. 
Previous researchers have employed several methods to address market inflation, 
including discounting the use of  a price index, using a trend variable, use of a 
                                                 
 
9 Freely available at:  http://itouchmap.com/latlong.html and http://www.daftlogic.com/sandbox-
google-maps-find-altitude.htm 
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control group and dummy variables for each year. All these methods have 
advantages and disadvantages (see, for example, Lamond, 2008).  
 
3.3.2 DESCRIPTION OF VARIABLES 
 Researchers have often used market transaction price as a dependent variable 
in HP analysis, while some studies have analysed property market-related issues 
using rent prices or appraisal prices (see, for example, Hibiki & Managi, 2011). 
Moreover, as shown by Ma & Swinton’s study (2012) sale prices are more 
appropriate for valuing farmland than appraised values. Generally, Sale prices 
capture all environmental variations. Also, as defined by the HP theory, the market 
clearance price is regressed with possible property characteristics. However, it is 
assumed that the property market is perfect, and that buyers and sellers have equal 
bargaining power, and property information freely available to all parties.  
The value of a property is not only be determined by its own characteristics but 
by other relevant factors. Acharya & Bennett (2001) showed the importance of other 
characteristics in determining the price of a property, such as neighbourhood socio-
economic status, land use patterns and environmental characteristics. The property 
market can therefore be assumed to contain a number of structural variables, 
surrounding amenities, environmental characteristics and social factors. In order to 
capture the marginal effect of a particular characteristic, a large number of 
explanatory variables should be incorporated into the model and hence a long data 
set is required. 
The quality and characteristics of a property are based on the structural 
variables shown in Table 3.110. These attributes are number of bedrooms, number of 
bathrooms, garage spaces, lot size, type of construction material (wooden or brick), 
carpeting or not and existence of a pool. Neighbourhood characteristics of a house 
include medium weekly income, medium weekly rent, and travelling distance to the 
nearest school and travelling distance to nearest shopping centre. Previous 
researchers have found both positive and negative effects of these variables. For 
example, Neelawala et al. (2012) found that the distance to school had a positive 
                                                 
 
10 Details of selected variables are provided in Appendix B 
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effect on property value whereas other researchers have found that the quality of 
school was an important determinant of property values. As school zones are well 
defined in the BCC region, they may not affect property prices but the quality of the 
school may be an important determinant. Thus the quality of a school may be 
effectively employed in HP price analysis if a large number of suburbs are 
considered. Kilpatrick et al. (2007) found that the construction of a highway 
negatively affected property values but was a positive factor for properties closer to 
the access point.  
Environmental characteristics are also important determinants of housing 
prices. Distance to parks, forests, green space and river views are the most 
commonly used environmental variables. According to Lansford & Jones (1995), 
distance variables are more important than views when it comes to valuing 
environmental amenities. These variables are measured using the GIS technique: the 
distribution of environmental and socioeconomic characteristics are displayed in 
Appendix C.3.  
The importance of land use patterns or surrounding landscape has been 
explored through hedonic price analysis by a number of researchers (see, for 
example, Ham et al., 2012; Hamilton & Morgan, 2010; Bin et al., 2008; and 
Geoghegan et al., 1997). Hamilton & Morgan (2010) found that households were 
willing to pay higher prices for a more elevated view while Ham et al. (2012) 
showed that open space land use was heterogeneous and that the disaggregation of 
land use pattern provided better results.  Therefore for this study, surrounding land 
use patterns were observed using Google Maps and GIS techniques for data 
collection. 
The key variables in this study were those relating to floods. Their impacts on 
the property market have been studied using different perspectives. Some researchers 
have considered the influence of floodplain location (see, for example, Rambaldi et 
al., 2013; Samarasinghe & Sharp, 2010) whereas others have considered the actual 
flood incidence (see, for example, Bin & Landry, 2013). Most of these studies have 
used distance to water bodies or rivers to capture the flood influence, while a few 
have considered water depth as a key determinant of damage to residential properties 
(Merz et al., 2010). However the properties closer to water bodies also have positive 
amenities due to the view and outlook that it provides. The present study will, 
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therefore, include both direct distance to the nearest river or creek, as well as a proxy 
for the depth of flood water. Flood plain locations will also be included for analysis 
based on the released flood maps.  
It is hypothesized that after the release of flood maps the closer the property is 
to a river, the lower the value when compared with properties that are farther away 
from a river with similar structural characteristics. This is based on the premise that 
residents have changed their minds after the release of flood maps and discount 
properties within the flood plain location compared to similar properties outside it. 
Most importantly, it is recognised that the depth of inundation may have a greater 
effect on values. On the other hand, it is also recognised the two variables of distance 
and elevation are not likely to capture the uneven distribution of land. For instance, if 
a property is close to the river but in an elevated place, the property is not likely to be 
at a risk of flooding. Hence, an interaction variable between distance and elevation is 
introduced to improve the accuracy of econometric modelling.  
Table 3.1: Summary of description of variables 
Type of 
variable 
Variables Data sources 
Dependant 
variable 
Sale price RP Data 
Structural 
variables 
Number of bedrooms, number of 
bathrooms, number of garage spaces, 
construction material (wall, roof and 
floor), pool 
RP Data, Google view 
Environmental 
variables 
Waterfront properties, greenery 
views 
Google maps, near 
maps 
Neighbourhood 
characteristics 
Distance to transport, distance to the 
railway, distance to parks 
Queensland 
government  
information service 
Socio-economic 
variables 
Median household income, 
household size 
ABS 
Flood related 
variables 
Distance to river, elevation, flood 
risk mapping 
BCC, Queensland 
government 
information service,  
Other variables Number of days on the market, date 
of sale 
RP Data 
 
Other variables, such as a year dummy were created based on the research 
questions. The importance of proximity to the central business district has been 
investigated by previous researchers. According to Sirmans et al. (2005) the 
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significance and the sign of estimated coefficients for covariates vary depending on 
the study, and hence the consideration of the overall property market in the study 
area provided an important clue for selecting suitable covariates.  
 
3.4 OVERVIEW OF THE PROPERTY MARKET IN BRISBANE 
Major capital cities in Australia have one of the highest population growth 
rates among OECD countries (Department of Infrastructure and Transport, 2013). 
Internal and international migration and international students are shown to be the 
major causes. Brisbane is the third largest city in terms of population, occupying 
9.8% of Australia’s total population. As Figure 3.7 depicts, property prices in all 
Australian capital cities displayed an increasing trend until 2010 after which they 
stagnated. Some cities, such as Brisbane, exhibited a negative trend and then showed 
signs of recovery. This pattern may have been associated with natural hazards and 
overall economic fluctuation. Within the BCC area, suburb growth has also shown 
marked variation. The land valuation report has also exhibited the similar trend. Hele 
(2013) found that only 22 Brisbane suburbs had increased their land values 
illustrating the negative impact of flood on land valuations.  
 
 
Figure 3.6: Median property prices in Australia’s major cities (2002-2013) 
(Source: ABS, year) 
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3.4.1 OVERVIEW OF SELECTED SUBURBS 
The purpose of this section is to provide a comparison between selected 
suburbs. Using the 2011 census of population and housing survey information from 
the RP data service, suburb’s profile are created and then the mean and dispersion of 
selected variables are presented under each analysis.  
Property prices in all suburbs increased up to 2010 and then stagnated. The 
population growth in most suburbs was approximately 1% although in the suburbs of 
Graceville and Sunnybank this increase was higher at 3% and 14% respectively. 
However, the median income in Sunnybank, Oxley and Durack was low when 
compared to Graceville and Chelmer. New Farm and Fairfield are in the middle 
income group. Some selected suburbs such as Graceville, Chelmer, New Farm and 
Fairfield are close to Brisbane River whereas Sunnybank, Oxley and Durack are not. 
  
3.5 DATA COLLECTION LIMITATIONS 
One of the major challenges of this study was to construct a reliable dataset for 
HP analysis since such a dataset was not readily available. For this purpose, several 
databases were selected and merged. In comparison to other countries, Australia has 
reliable data sources which capture the history of property transactions. However 
aside from basic information, more complex information cannot be directly obtained. 
Therefore, to construct transaction data, individual transactions were examined, with 
all other possible sources relating to individual addresses accessed. The GIS 
technique proved to be particularly reliable and systematic for collecting spatial 
distance variables. However important determinants for some transactions, such as 
property age, were not available from any source. 
To date no single study has considered all possible determinants. Moreover, 
econometric issues have limited the large number of variables. The next chapter 
discusses the results of the HP price analysis and the DID analysis of the merged 
dataset.  
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Chapter 4: The Effect of Flood Risk 
Information Disclosure and 
Floods on the Property Market: 
HP Price and Quasi 
Experimental Analysis 
This chapter investigates the impact of flood-risk information disclosure and 
Brisbane’s 2011 flood incident on the property market. The chapter proceeds as 
follows: section 4.1 reviews existing literature and then discusses the quasi-
experimental estimation of the HP function in section 4.2. The application of this 
technique is demonstrated in section 4.3 and the latter part of the section discusses 
the temporal variation of flood risk (section 4.3.2). The results are discussed in 
section 4.4, and the chapter’s conclusion is provided in section 4.5.  
Although HP theory has been extensively used for investigating the impact of 
floods on property prices, most studies have ignored inherent deficiencies in 
traditional HP theory. In this chapter, state of the art econometric techniques are 
employed to avoid methodological issues and to distinguish specific objectives. For 
example, adoption of the quasi-experimental hedonic method is useful to take into 
account endogeneity and omitted variable biases (see, Parmeter & Pope, 2013). This 
analysis also evaluates the effectiveness of public information on the property market 
and compares the effect of flood risk information availability and actual flood 
incidence on the property market. Flood risk is tested in a different way to capture 
the amenity values of river proximity as well as the risk. Moreover, it is assumed that 
any negative effect on property values following a certain event will disappear with 
time. Finally, this is tested using the extended difference in differences (DID) 
method employing different time variables and treatment effects.  
 
4.1 LITERATURE REVIEW 
Flood risk and property market literature discussed in chapter two is extended 
in this section (see, section 2.2 for further reviews). As mentioned earlier, a number 
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of researchers have focused on investigating the impact of flooding and flood risk on 
property values. Some studies show that flood risk tends to discount property values. 
These studies include Bin and Landry (2013), Rambaldi et al. (2013), Lamond et al. 
(2010), Lamond (2009), Zhai & Fukuzono (2003), Harrison et al. (2001) and Fridgen 
& Shultz (1999). Modeling flood-risk is important for robust estimation. In previous 
studies, the effect of flood-risk on property value has been identified in different 
ways, including climate change predictions, analysing past flood events, flood risk 
maps and following actual flood events. Most previous studies have evaluated the 
impact of flood risk on the property market rather than focusing on an actual flood 
event (see, for example, Rambaldi et al., 2013; Samarashinghe & Sharp, 2010). In 
relation to the Brisbane property market, Rambaldi et al. (2013) and Eves (2010) 
considered the release of flood maps by the BCC for their analysis. However, a few 
studies have also been conducted immediately following a major flood incident (see, 
for example, Eves & Wilkinson, 2014; Bin & Landry, 2013; Zhai & Fukuzono, 
2003). According to Fridgen & Shultz (1999), the properties at risk of flooding were 
discounted by about 19% compared to properties not exposed to such risk. A recent 
qualitative analysis of price behaviour of Brisbane property market suggested that 
floods create negative effects on the average listing price (Eves & Wilkinson, 2014). 
Importantly the availability of flood-risk information and experience in actual flood 
can be shown to exert different effects on property market behaviour and discount 
the value differently. 
The accurate estimation of flood-risk is important for implementing policies 
that ensure the property market’s stability. For example, due to deficiencies in flood-
risk estimation, insurance companies sometimes charge premiums over and above 
what the actual flood-risk would indicate (Harrison et al., 2001). Such adverse 
selection results in an inefficient property market (Akerlof, 1970).  
HP price analysis is the most popular method of indirectly estimating flood-
risk. However, the literature highlights the estimation issues involved in HP price 
analysis and the way in which the methodology is continuously being developed to 
address econometric issues. The definition of the risk variable is important for 
correct estimation. Generally, a flood zone is defined in terms of 100 year probability 
of flooding (1%) or 500 year probability of flooding (0.2%). Actual flood lines are 
sometimes considered, as is distance to the river or water bodies. Severity of flood is 
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another important factor to be considered. It can be defined in terms of frequency of 
flooding, level of flood (over-land flooding or over-floor flooding) and the number of 
days a property is inundated. Eves (2002) has provided a detailed discussion of 
flood-risk classification while Espada Jr et al. (2012) using the GIS technique has 
classified the flood risk. However information on the flood-risk of individual 
properties is not readily available. Moreover apart from defining the flood-risk 
variable, there are a number of econometric issues (such as defining the functional 
form and spatial autocorrelation) involved in estimating the HP price function (see 
section 2.5 for more detail).  
Some studies have adopted before and after analyses to examine the impact of 
flood on property value (see, for example, Bin & Polasky, 2004). More precisely, 
these analyses compare one group over two time periods, which in this study would 
mean a comparison of property values before and after the flood. The problem 
associated with this approach occurs when affected properties are not affected in the 
second time period. It also does not control for changes in market behaviour between 
the two time periods, although it is a good solution for other unobserved variables, 
such as changes in economic growth. In a recent study of the effects of hurricanes, 
Fran and Floyd within a DID framework it was concluded that there was a risk 
premium range between 6% and 20% for properties in the flood proven zone (Bin & 
Landry, 2013). Although the study was based on naval methodology to model 
subsequent incidences it did not consider the impact of flood on demographic 
submarkets. 
Previous studies have confirmed that following a flood event there is a 
significant negative effect on the value of properties that are at risk. However, some 
researchers suggest that flood risk tends to disappear over time (see, for example, Bin 
& Landry, 2013; Eves et al., 2010; Lamond, 2008; Lamond & Proverbs, 2006; 
McClusky & Rausser, 2003 and Eves, 2002).  However when flood is infrequent, the 
actual flood impact appears most prominently during the event and immediate after 
the flood event (Eves, 2002). Indeed Lamond (2008) has found that the negative 
impact of flood fades away within three years. The present study hypothesises that a 
flood-induced negative effect on the property market will be inverse to the time 
elapsed since the major flood. It is accepted however that many factors such as 
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suburb characteristics need to be taken into consideration in estimating the recovery 
period from flood.  
The following section presents the methodology to isolate the impact of floods 
and the disclosure of flood risk information on property values which has not been 
tested so far. This section then analyses the temporal distribution within demographic 
submarkets.  
 
4.2 METHODOLOGY 
The overall objective of this chapter is to investigate the impact of release of 
floods maps and actual floods on the value of residential properties in Brisbane 
(Australia). To address this question, the actual prices of flood plain properties were 
compared to a hypothetical property or identical non-flood plain properties before 
and after the incidence (or pre- and post-incident). The transacted property prices 
were analysed on the basis that the price of a product or service is a proxy for the 
value of its utility. Therefore, HP theory was used to estimate the implicit price of 
each characteristic. As discussed in chapter one, the impact of the release of flood 
maps (2009) and subsequent flood in 2011 needed to be isolated. The following HP 
model was extended using DID estimation, taking into account the spatial interaction 
as well. The methodology was then extended to examine the temporal variation of 
flood-risk.   
 
4.2.1 HEDONIC PROPERTY PRICE APPROACH 
In an HP model, the price of a commodity can be attributed to a vector of 
characteristics which may include product characteristics, environmental factors and 
socio-economic factors. Given it is assumed that the market is in equilibrium, the 
marginal price of a housing attribute is equal to the MWTP for a change in the 
attribute (see, Rosen, 1974). The hedonic theory provides a methodology for 
identifying the structure of prices of each property attribute where also 
environmental risk can be considered as one of them. 
As mentioned in chapter two, the HP model was first introduced in the 1960s 
and was later developed as a standard model in economic literature. Price theory 
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predicts that the willingness to pay to avoid the disutility of flood risk should be 
reflected in a property price discount. When two houses are identical in all aspects 
except the flood risk, the house without the flood risk can be expected to sell at a 
higher price. That difference is the cost of flood or flood risk on the property 
market11. According to Rosen (1974), the price of a commodity (p) is the function of 
the vector of its characteristics (x). Mathematically it can be expressed as: 
 
𝑝 =  𝑖(𝑥)                   Eq. 4.1 
 
where, p is the market price of the property and x is the vector of characteristics 
of the property. The characteristics can primarily be categorized as structural and 
neighbourhood characteristics, and environmental and flood variables. 
The functional form shows the contribution of each attribute to property prices. 
The hedonic value of each characteristic can be expressed as partial derivatives. 
Hedonic regressions are the most commonly and widely accepted method for 
determining the effect on residential property values and other issues arising from 
events such as natural disasters. 
The model takes the following form: 
 
𝑙𝑐𝑝𝑖 = ∝𝑖+ ∑𝛽𝑖𝑥𝑖 +  𝜀𝑖            Eq. 4.2 
 
where, p is the sale price as market price of the property, α is the constant term, 
β is the vector of coefficient that reflects the influence of each characteristic (e.g. 
structural, neighbourhood and flood variables), x is the vector of characteristics of 
the property and ‘ε’ is the error term. 
The next challenge is to analyse and compare the impact of two incidences (the 
release of flood maps and an actual flood event) simultaneously. In this analysis, the 
following were considered:  
• data on property transaction before flood risk information availability 
(pre-October, 2009),  
                                                 
 
11 More details are available in chapter 2 
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• between flood risk information being made available up until the flood 
incidence (October, 2009 to January, 2011) and  
• post-flood (January, 2011 to March, 2013). 
 
4.2.2 QUASI EXPERIMENTAL APPROACH 
The mapping of flood prone areas in the BCC region in 2009 and the actual 
flood incidence in 2011 provides an interesting experiment to assess the impact of 
flood risk on property markets compared with the availability of public information. 
For this purpose, the Difference-in-differences (DID) method was employed. 
According to Woodridge (2007), this method can be applied to both repeated cross-
sectional data and panel data. Research has demonstrated the applicability of this 
approach for both random as well as natural experiments (see, for example, Bin & 
Landry, 2013; Gawande et al., 2013; Parmeter & Pope, 2013).  
DID rests on the premise of using two groups and two time periods where the 
second time period of one group is treated (the treated group in this study is flood-
affected properties) and the other is not (the control group in this study is non flood-
affected properties).  
Considering the outcome before and after the treatment (flood) for treated 
groups (flood-affected properties), the average difference is the treatment effect 
which can be expressed as: 
 
∆𝑃𝑡 =  𝑃�𝑡2 − 𝑃�𝑡1                Eq. 4.3 
 
In order to remove biases from the comparison over time (time trend), a control 
group was included. The comparison with the control group also removed 
differences between the treated and control groups. The outcome difference for the 
control group can be expressed as: 
 
∆𝑃𝑐 =  𝑃�𝑐2 − 𝑃�𝑐1            Eq. 4.4 
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The real treatment effect was given by subtracting the difference in average 
outcome in the control group (for the two time periods) from the difference in 
average outcome in the treated group (before and after the incident). 
 
∆𝑃𝑡𝑐 = (𝑃�𝑡2 − 𝑃�𝑡1) −  (𝑃�𝑐2 − 𝑃�𝑐1)                 Eq. 4.5 
 
 
4.3 EMPIRICAL ESTIMATION 
The construction of the variables and the data for this analysis was discussed in 
chapter three with the specification of the traditional HP model. Based on existing 
literature, flood risk was specified in different ways: as a dummy variable for flood-
prone areas and as the direct distance to the water body (see, for example, 
Samarashinghe & Sharp, 2010). For the first set of regression models, flood 
incidence was represented by a dummy variable (Dfi), representing 1 for properties in 
flood-affected areas and 0 for non-flood-affected areas. It was hypothesised that both 
property buyers and sellers were aware of flood-affected zones and discounted prices 
for properties in flood prone areas in comparison to properties in non-flood prone 
areas.  
𝑙𝑐𝑝𝑖 = 𝛼𝑖 + 𝛽𝑓𝑖𝐷𝑓𝑖 + ∑𝛽𝑖𝑥𝑖 + 𝜀𝑖                 Eq. 4.6 
 
where, xi represents a vector of structural, environmental and neighbourhood 
characteristics. Then, spatial interaction was examined based on Moran’s I statistics.   
 For the second set of regressions, it was hypothesised that properties close to 
the water body (river) had lower prices than those located further away. The flood 
risk was specified as the distance to the river (DIS_RIVER). 
 
𝑙𝑐𝑝𝑖 = 𝛼𝑖 + 𝛽𝑑𝐷𝐷𝐷_𝑅𝐷𝑅𝑅𝑅𝑓𝑖 + ∑𝛽𝑖𝑥𝑖 + 𝜀𝑖                  Eq. 4.7 
 
Previous research has shown that proximity to water bodies can have a positive 
and significant impact on property values (see, for example, Gopalakrishnan et al., 
2011). Hence, the properties close to the river had amenities as well as dis-amenities. 
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The flood affected properties were not only close to the river but also in areas of low 
elevation. Naturally, elevation is lower close to the river leading many researchers to 
consider distance to the river as a flood risk. Properties located close to the river that 
are also in higher elevation areas are likely to command higher market prices than 
properties that have lower elevation and are further away. Therefore, in this study, 
both distance and elevation were included in the analysis. In the next model, the 
product of distance (DIS_RIVER) and elevation (ELEV) was considered as the risk 
variable (DIS_ELEV). It was hypothesised that the properties with a higher 
DIS_ELEV value had a lower risk than properties with a lower value of DIS_ELEV.  
𝑙𝑐𝑝𝑖 = 𝛼𝑖 + 𝛽𝑑𝑑𝐷𝐷𝐷_𝑅𝐸𝑅𝑅𝑓𝑖 + ∑𝛽𝑖𝑥𝑖 + 𝜀𝑖              Eq. 4.8 
 
Finally, the DID approach was employed to isolate the impact of flood 
information and flood on property values by considering the dataset as a repeated 
cross section. The outcome of the two groups (flood-affected and non-affected 
properties) over two time periods (before and after the flood map release and actual 
flood) was observed and the comparison of the two groups gave the treatment effect 
(flood plain information or actual flood incidence). Here, the availability of flood 
information and flood incidence (three time periods) for two groups (affected and 
non-affected) is expressed as follows: 
 
𝑙𝑐𝑝𝑖 = ∝0+ ∑𝛽𝑖𝑥𝑖 +∝1 𝑑1 +∝2 𝑑2 +∝𝑖 𝑑𝑓 +∝𝑖𝑖𝑓 𝑑1𝑑𝑓 +∝𝑓𝑓𝑓𝑓𝑑 𝑑2𝑑𝑓 +  𝜀𝑖 Eq. 4.9 
 
where, d1=1 if the property sold between flood information available and actual 
flood incidence, and 0 otherwise; d2=1, if the property sold after the flood incidence 
and 0 otherwise; df=1, if the property was in flood risk area and, 0 otherwise. The 
coefficient αinf measured the first treatment effect (availability of information) and 
αflood measured the second treatment effect (flood incidence in 2011).  
 
4.3.1 INCORPORATION OF SPATIAL DEPENDENCE 
As discussed in chapter two, spatial interaction is an inherent problem in the 
property market. Hence, in the present study the above DID estimation was extended 
to identify and correct spatial interaction. The spatial lag is defined as the spatially 
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weighted average of neighbouring housing prices which affects the price of a 
particular house. The special error effect is defined as one or more omitted variables 
in the hedonic equation that vary spatially. Hence the error terms of the hedonic 
equation tend to be spatially autocorrelated. The spatial lag model can be defined as: 
 
𝑙𝑐𝑝𝑖 =∝0+ 𝜌𝑤𝑝 + �𝛽𝑖𝑥𝑖 +∝1 𝑑1 +∝2 𝑑2 +∝𝑖 𝑑𝑓 +∝𝑖𝑖𝑓 𝑑1𝑑𝑓 +∝𝑓𝑓𝑓𝑓𝑑 𝑑2𝑑𝑓 +  𝜀𝑖 
𝜀𝑖~𝑁(0,𝜎2𝐷𝑖)                        Eq. 4.10 
 
where, ρ is the spatial autocorrelation parameter and W is the spatial weight 
matrix. W is an n × n matrix where n is the number of observations. p and x are 
vectors of housing prices and explanatory variables respectively. The spatial error 
model is as follows: 
 
𝒍𝒏𝒑𝒊 = ∝𝟎+ �𝜷𝒊𝒙𝒊 +∝𝟏 𝒅𝟏 +∝𝟐 𝒅𝟐 +∝𝒊 𝒅𝒇 +∝𝒊𝒏𝒇 𝒅𝟏𝒅𝒇 +∝𝒇𝒍𝑴𝑴𝒅 𝒅𝟐𝒅𝒇 +  𝒖𝒊 
𝑐𝑖 =  𝜆𝜆𝑐 + 𝜀𝑖 
𝜀𝑖~𝑁(0,𝜎2𝐷𝑖)                      Eq. 4.11 
 
where, λ is the coefficient of spatially correlated error and Wu is the spatially 
lagged error term. W is an n × n matrix where n is the number of observations. p and 
x are vectors of housing prices and explanatory variables respectively. Depending on 
the Moran’s I and LM statistics12 a suitable spatial specification is adopted.  
 
4.3.2 TEMPORAL VARIATION OF FLOOD RISK 
It was hypothesised that the disclosure of flood risk information and actual 
flood incidence-induced effect on the property market disappeared with time or 
varied inversely with elapsed time. In order to test this hypothesis, the model 
discussed in previous section was extended to incorporate the elapsed time variable 
(see, for similar studies, Bin & Landry, 2013; Hansen et al., 2006).  In the first 
                                                 
 
12 Discussed in chapter 2 
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model, elapsed time (t) and its interaction with flood prone properties were 
incorporated in the analysis. The spatial impact was identified from the results of 
Moran’s I test and LM statistics.  
 
The time elapsed spatial lag model can be defined as: 
𝑙𝑐𝑝𝑖 =∝0+ 𝜌𝑤𝑝 + �𝛽𝑖𝑥𝑖 +∝1 𝑐 +∝2 𝑑𝑓𝑖 +∝𝑖 𝑑𝑓𝑖𝑐 +  𝜀𝑖 
𝜺𝒊~𝑵(𝟎,𝝈𝟐𝑰𝒏)         Eq. 4.12 
 
The time elapsed spatial error model can be defined as: 
𝒍𝒏𝒑𝒊 = ∝𝟎+ �𝜷𝒊𝒙𝒊 +∝𝟏 𝒕 +∝𝟐 𝒅𝒇𝒊 +∝𝒊 𝒅𝒇𝒊𝒕 + 𝒖𝒊 
𝑐𝑖 =  𝜆𝜆𝑐 +  𝜀𝑖                 Eq. 4.13 
𝜀𝑖~𝑁(0,𝜎2𝐷𝑖) 
where, Pi is the property’s market price, t is the elapsed time W is a n × n 
matrix where n is the number of observations. 
The elapsed time following the event was estimated with the distance and 
elevation interaction. It was hypothesised that the effect of flood information and 
flood diminished with distance, elevation and time elapsed.  
 
The time elapsed spatial lag model can be defined as: 
𝑙𝑐𝑝𝑖 =∝0+ 𝜌𝑤𝑝 + �𝛽𝑖𝑥𝑖 +∝1 𝑐 +∝2 𝐷𝐷𝐷_𝑅𝐸𝑅𝑅𝑓𝑖 +∝𝑖 𝐷𝐷𝐷_𝑅𝐸𝑅𝑅𝑓𝑖𝑐 +  𝜀𝑖 
𝜺𝒊~𝑵(𝟎,𝝈𝟐𝑰𝒏)               Eq. 4.14 
 
The time elapsed spatial error model can be defined as: 
𝒍𝒏𝒑𝒊 = ∝𝟎+ �𝜷𝒊𝒙𝒊 +∝𝟏 𝒕 +∝𝟐 𝑫𝑰𝑫_𝑬𝑬𝑬𝑬𝒇𝒊 +∝𝒊 𝑫𝑰𝑫_𝑬𝑬𝑬𝑬𝒇𝒊𝒕 + 𝒖𝒊 
𝑐𝑖 =  𝜆𝜆𝑐 +  𝜀𝑖                Eq. 4.15 
𝜀𝑖~𝑁(0,𝜎2𝐷𝑖) 
 
 71 
Chapter 4: The Effect of Flood Risk Information Disclosure and Floods on the Property Market: HP Price and 
Quasi Experimental Analysis 71 
where, Pi is the property’s market price, W is an n × n matrix where n is the 
number of observations, λ is the coefficient of spatially correlated error and Wu is the 
spatially lagged error term. 
In the next section, the results are discussed for the three different samples 
(groups) specified in this analysis. 
 
4.4 RESULTS AND DISCUSSION 
The availability of public information and the actual 2011 flood event in 
Brisbane provided a natural experiment for assessing and comparing the impact of 
flood on the property market. For this analysis pooled cross-sectional data relevant to 
the selected flood-affected suburbs within BCC were used. Data cleaning was 
executed and some were discarded due to missing attributes and outliers. It is noted 
that the application of the proposed spatial technique was not possible for a large 
dataset (see, for example, Neill et al., 2007). Moreover, the observations should be 
close enough to create spatial impact. Thus, if some variables are dispersed, a weight 
matrix cannot be estimated. On the other hand the dataset should also be sufficiently 
large enough to incorporate a sufficient number of determinants and to minimise the 
effect of outliers. Hence, selected suburbs were grouped after examining suburb 
characteristics and dispersion.  
For example, the suburbs of Chelmer and Graceville are two adjacent suburbs 
and show similar characteristics. According to the census and statistics figures both 
suburbs belonged to the high income category (average weekly household median 
income was AUS $ 2,216 in 2011). These two suburbs were therefore merged into a 
one cluster (group 3) to obtain a reasonable number of transaction records for the 
study period. After cleaning the dataset, 952 observations were available which was 
sufficient to run the model (see Appendix C). The suburbs of New Farm and 
Fairfield were classified as medium income suburbs based on census and statistics 
figures and were therefore included in the second group (average weekly household 
median income AUS $ 1,924 in 2011). New Farm consisted of 603 observations after 
cleaning the data. The first group, comprising Oxley and Durack, which are also in 
close geographical proximity, showed an average median income of AUS $ 1,329 
were classified as low income suburbs according to the census and statistics survey. 
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The second and third groups are close to the river while the first group is much 
further away (the mean distances to the river are 3,259m, 406m and 513m for group 
1, group 2 and group 3 respectively). However, as Appendix C.2 illustrates, house 
prices varied within each group and therefore the suburbs were grouped to facilitate 
econometric estimation rather than discussion of different submarkets13.  
One of the possible econometric problems in HP analysis is multicollinearity. 
As Appendix D shows, neither the correlation matrix nor any of the correlation 
coefficients appear to be of high value, while the White’s test result rejected the 
presence of heterochedasticity.  
Overall, the real price of property changed from AUS$0.2 million to AUS$8 
million. The differences in the mean value of property was not observed across 
different groups. The most important structural characteristics - number of bedrooms 
(BEDRM), number of bathrooms (BATHRM) and number of garage spaces 
(GARAGE) - are presented in appendix C. This data indicates the distributions of 
these variables are more or less similar for all three clusters. However, the variables 
of interest in this study of elevation (ELEV) and distance to the river (disstreem) did 
show differences among the clusters. Compared to the high and medium income 
clusters, the low income category was positioned significantly further from the river 
(mean distance = 3,259m).  
 
4.4.1 OLS ESTIMATION 
The HP price regression parameters for OLS estimations are presented in 
Tables 4.1 to 4.3. In Model 1, the flood risk was specified using flood-maps, while in 
Model 2 the flood risk was specified two dimensionally as a product of distance to 
the river and elevation (stdis_elev). As an alternative, flood risk was estimated as 
distance to the river (disstreem). In fact the product of distance to the river and 
elevation correctly specified the risk. As mentioned earlier, water bodies result in 
both flood-risks and amenity value. If properties are close to the river and highly 
elevated, they are likely to have amenity value rather than flood risk. In such a 
situation, the distance to the river is not likely to provide an improved estimation. 
                                                 
 
13 The submarket behaviour is discussed in chapter 6 
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Estimated models show relatively higher adjusted R2 values, between 0.45 and 0.66, 
and are statistically significant. As property value is decided by many factors, (which 
are impossible to incorporate) extremely higher values for R2 cannot be expected.  
All coefficients for property attributes, environmental characteristics and flood-
related variables were found to have the expected sign and most coefficients were 
statistically significant (see 1st and 2nd columns of Tables 4.1 - 4.3). For instance, the 
estimated coefficients for the number of bedrooms, number of bathrooms and area 
show positive and significant effects on property values (see Tables 4.1 - 4.3).  
While the OLS estimates remain unbiased, a number of researchers have 
observed spatial interaction in the property market. Hence, estimated coefficients are 
not likely to be efficient if the market is spatially interacted. The spatial interaction is 
also possible due to unobserved characteristics that may be shared between close 
properties. The estimated spatial weight matrix determines the spatial interaction. As 
discussed in chapter two, there are basically two types of spatial interaction.  The 
Moran’s I test and LM statistics are used to identify the presence of spatial 
interaction and distinguish two types. The results of Moran’s I and LM statistics are 
presented in Appendix E. The significant Moran’s I statistic provides evidence of the 
presence of spatial interaction, while the LM statistics are observed for identification 
of spatial autocorrelation. Robust LM-lag statistics are significant and hence spatial 
lag models were estimated. The ML estimation was executed to incorporate the 
spatial effect.  
 
4.4.2 ML ESTIMATION 
The ML was carried out in order to incorporate the spatial effect. Table 4.1 to 
4.3 (3rd and 4th columns - ML estimations) report the results of this estimation of the 
HP price function. The results are similar to the OLS estimation but the coefficient 
values are different. As observed in the estimation of the spatial effect, the ML 
estimation is more robust than the OLS estimation. Two models under each cluster of 
properties were estimated producing a result similar to the OLS estimation but 
incorporating a spatial lag effect.  
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Table 4.1: HP analysis-Group 1 
  OLS Estimation ML Estimation 
  Model 1 Model 2 Model 1 Model 2 
LR_PRICE Coeff 
 
t-stat Coeff 
 
t-stat Coef. 
 
z Coef. 
 
z 
_cons 11.70132 *** 44.59 11.68829 *** 44.09 7.959063 *** 13.69 7.923163 *** 13.56 
BEDRM 0.0274607 ** 2.75 0.026216 ** 2.62 0.026583 * 2.76 0.025387 ** 2.63 
BATHRM 0.0451245 *** 3.69 0.045375 *** 3.69 0.041307 *** 3.49 0.041634 *** 3.5 
GARAGE 0.0552711 *** 7.38 0.054394 *** 7.25 0.054131 *** 7.47 0.05331 *** 7.34 
AREA 0.0002302 *** 12.78 0.000229 *** 12.7 0.000222 *** 12.73 0.000221 *** 12.65 
HOUSETYPE 0.0143539 ** 2.08 0.015474 ** 2.23 0.01339 ** 2.01 0.014326 ** 2.13 
FLOOR_CARP 0.045492 ** 2.62 0.046148 ** 2.65 0.037792 ** 2.24 0.03827 ** 2.27 
FLOOR_TILE 0.0003183 
 
0.01 -0.00263 
 
-0.11 -0.0052 
 
-0.22 -0.00814 
 
-0.35 
FLOOR_WOOD 0.0652864 *** 3.56 0.065564 *** 3.56 0.057759 *** 3.25 0.057795 *** 3.24 
ROOF_TILE 0.0120244 
 
0.72 0.013189 
 
0.78 0.005845 
 
0.36 0.006617 
 
0.4 
ROOF_ASBES 0.0212661 
 
1.11 0.024845 
 
1.3 0.014104 
 
0.76 0.017271 
 
0.93 
WALL_BRICK -0.0210556 
 
-1.17 -0.02323 
 
-1.29 -0.01594 
 
-0.92 -0.01795 
 
-1.03 
WALL_WOOD 0.0212269 
 
1.05 0.022266 
 
1.09 0.01515 
 
0.77 0.015821 
 
0.8 
Pool 0.0546497 ** 2.82 0.05555 ** 2.85 0.050192 ** 2.67 0.051316 ** 2.72 
Garden 0.0570809 *** 4.24 0.060746 *** 4.5 0.054932 *** 4.22 0.058189 *** 4.46 
Stories 0.0650049 *** 4.07 0.0652 *** 4.07 0.067397 *** 4.37 0.067501 *** 4.36 
Riverview -0.1145237 
 
-0.97 -0.12135 
 
-1.02 -0.14387 
 
-1.26 -0.1498 
 
-1.31 
INCOME 0.0000773 ** 2.71 7.34E-05 ** 2.57 4.45E-05 
 
1.6 4.02E-05 
 
1.44 
parkdis -0.0000146 
 
-0.63 -1.7E-06 
 
-0.07 -2.2E-05 
 
-0.99 -8.9E-06 
 
-0.39 
highway 0.0000819 *** 6.09 0.000086 *** 6.4 0.000055 *** 4.06 0.000059 *** 4.37 
flood -0.0626698 ** -2.92 
   
-0.05916 ** -2.85 
   disshop 0.0000944 *** 4.77 8.71E-05 *** 4.43 7.43E-05 *** 3.84 6.71E-05 *** 3.49 
railway -0.000093 *** -5.42 -0.0001 *** -5.92 -6.8E-05 *** -3.99 -7.5E-05 *** -4.45 
discbd 0.0000199 
 
0.96 2.06E-05 
 
0.98 1.71E-05 
 
0.86 1.86E-05 
 
0.91 
stdis_elev 
   
1.89E-07 
 
0.89 
   
1.37E-07 
 
0.66 
D_2006 0.0678472 ** 1.98 0.067146 * 1.96 0.065377 ** 1.98 0.065063 ** 1.96 
D_2007 0.2339419 *** 7.06 0.232405 *** 6.99 0.227376 *** 7.1 0.226137 *** 7.04 
D_2008 0.2753989 *** 8.01 0.273881 *** 7.94 0.271701 *** 8.17 0.270431 *** 8.11 
D_2009 0.2385291 *** 7.09 0.235701 *** 6.98 0.231178 *** 7.1 0.22877 *** 7 
D_2010 0.2064737 *** 5.84 0.201132 *** 5.67 0.201254 *** 5.89 0.196656 *** 5.73 
D_2011 0.0896609 ** 2.46 0.086931 ** 2.38 0.091909 ** 2.61 0.089758 ** 2.54 
D_2012 0.0806578 ** 2.27 0.078817 ** 2.21 0.081836 ** 2.38 0.080249 ** 2.33 
R-squared 0.4608 
  
0.4578 
        Adj R-squared 0.449 
  
0.4459 
        F 38.97 *** 
 
38.5 *** 
       n 1399 
  
1399 
        rho 
      
0.300053 *** 
 
0.301386 *** 
 Log likelihood 
      
298.902 
  
295.0711 
  Wald test of rho=0:           51.206 ***   51.452 ***   
Note: ***,** and * denotes coefficients which are significant at 1,5 and 10 percent levels of 
significance respectively. 
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Table 4.2: HP analysis- Group 2 
  OLS Estimation ML Estimation 
 
Model 1 Model 2 Model 1 Model 2 
LR_PRICE Coeff   t-stat Coeff   t-stat Coef.   z Coef.   z 
_cons 12.14766 *** 61.23 12.1792 *** 59.38 7.478807 *** 9.3 8.452294 *** 9.89 
BEDRM 0.02347 * 1.68 0.020746 
 
1.5 0.019086 
 
1.45 0.018655 
 
1.41 
BATHRM 0.059813 *** 3.49 0.061385 *** 3.59 0.061662 *** 3.82 0.061671 *** 3.78 
GARAGE 0.036559 ** 2.49 0.033643 ** 2.33 0.033039 ** 2.38 0.031621 ** 2.29 
AREA 0.001037 *** 14.27 0.001001 *** 13.96 0.000992 *** 14.4 0.000981 *** 14.22 
HOUSETYPE 0.010145 
 
0.68 0.011834 
 
0.81 0.013929 
 
0.99 0.014462 
 
1.03 
FLOOR_CARP -0.03955 
 
-0.86 -0.01811 
 
-0.4 -0.01165 
 
-0.27 -0.00237 
 
-0.05 
FLOOR_TILE 0.098384 * 1.91 0.10543 ** 2.09 0.090377 * 1.86 0.095293 ** 1.98 
FLOOR_WOOD 0.044687 
 
1.16 0.047774 
 
1.26 0.063061 * 1.73 0.061601 * 1.7 
ROOF_TILE 0.017924 
 
0.44 0.009513 
 
0.24 0.002898 
 
0.07 0.001703 
 
0.04 
ROOF_ASBES 0.013244 
 
0.31 0.006696 
 
0.16 -0.00351 
 
-0.09 -0.00592 
 
-0.15 
WALL_BRICK 0.221558 *** 3.44 0.197212 ** 3.11 0.185156 ** 3.04 0.175064 ** 2.89 
WALL_WOOD 0.171972 ** 3 0.155147 ** 2.76 0.143148 ** 2.64 0.138035 ** 2.57 
Pool 0.087313 *** 2.5 0.07418 ** 2.16 0.083307 ** 2.53 0.074408 ** 2.27 
Garden 0.100692 ** 3.26 0.097239 ** 3.19 0.096183 *** 3.3 0.094812 *** 3.25 
Stories 0.075163 * 2.27 0.078931 ** 2.44 0.062155 ** 1.99 0.067877 ** 2.19 
Riverview 0.089064 ** 1.82 0.049448 
 
1 0.080572 * 1.75 0.050961 
 
1.08 
ELEV 
   
0.007483 ** 2.02 
   
0.004183 
 
1.14 
INCOME 8.57E-05 ** 3.01 6.24E-05 ** 2.25 3.94E-05 
 
1.41 2.97E-05 
 
1.07 
parkdis 1.23E-05 
 
0.15 0.000167 
 
1.9 1.49E-05 
 
0.19 0.000122 
 
1.43 
highway -0.00035 *** -3.28 -0.0002 
 
-1.5 -0.0002 * -1.95 -0.0001 
 
-0.78 
flood -0.03558 
 
-0.85 
   
-0.04479 
 
-1.13 
   disstreem 
  
-0.00047 *** -5.01 
   
-0.00034 *** -3.61 
disshop 0.000161 ** 2.83 1.98E-05 
 
0.28 0.000144 ** 2.7 5.04E-05 
 
0.73 
discbd 0.000504 *** 3.63 0.000426 ** 2.49 0.000321 ** 2.39 0.00028 * 1.68 
D_2006 -0.07642 
 
-0.97 -0.09361 
 
-1.22 -0.08049 
 
-1.09 -0.09025 
 
-1.23 
D_2007 0.150234 * 1.88 0.131531 * 1.68 0.145846 * 1.93 0.135741 * 1.81 
D_2008 0.22134 ** 2.57 0.199112 ** 2.37 0.225437 ** 2.78 0.21247 ** 2.64 
D_2009 0.077707 
 
0.94 0.075123 
 
0.93 0.088278 
 
1.14 0.087266 
 
1.13 
D_2010 0.064788 
 
0.77 0.053179 
 
0.65 0.067397 
 
0.85 0.061168 
 
0.78 
D_2011 0.055727 
 
0.66 0.038753 
 
0.47 0.048642 
 
0.62 0.040641 
 
0.52 
D_2012 -0.0644 
 
-0.78 -0.08795 
 
-1.09 -0.06045 
 
-0.78 -0.07669 
 
-1 
R-squared 0.58 
  
0.6 
        Adj R-squared 0.56 
  
0.57 
        F 27.59 *** 
 
28.7 *** 
       n 603 
  
603 
        rho 
      
0.35 *** 
 
0.28 *** 
 Log likelihood 
  
-83.6335 
     
-77.0584 
  Wald test of rho=0:                       
Note: ***,** and * denotes coefficients which are significant at 1,5 and 10 percent levels of 
significance respectively. 
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Table 4.3: HP analysis-Group 3 
  OLS Estimation ML Estimation 
 
Model 1 Model 2 Model 1 Model 2 
LR_PRICE Coeff   t-stat Coeff   t-stat Coef.   z Coef.   z 
_cons 11.7087 *** 32.72 11.67813 *** 33.29 9.577748 *** 12.69 9.316872 *** 12.53 
BEDRM 0.038291 ** 2.54 0.039109 ** 2.61 0.041165 ** 2.79 0.042119 ** 2.88 
BATHRM 0.108704 *** 6.83 0.107054 *** 6.74 0.103538 *** 6.62 0.101106 *** 6.49 
GARAGE 0.017109 
 
1.36 0.016837 
 
1.35 0.018963 
 
1.54 0.019058 
 
1.56 
AREA 0.000485 *** 13.45 0.000493 *** 13.65 0.00047 *** 13.22 0.000477 *** 13.45 
HOUSETYPE 0.005277 
 
0.55 0.005848 
 
0.62 0.005024 
 
0.54 0.005845 
 
0.63 
FLOOR_CARP -0.02102 
 
-0.63 -0.01936 
 
-0.58 -0.0216 
 
-0.66 -0.01929 
 
-0.59 
FLOOR_TILE 0.042293 
 
0.80 0.04471 
 
0.85 0.043673 
 
0.84 0.046645 
 
0.91 
FLOOR_WOOD 0.005018 
 
0.22 0.005683 
 
0.25 0.009459 
 
0.43 0.010952 
 
0.5 
ROOF_TILE -0.00991 
 
-0.30 -0.00608 
 
-0.19 -0.01414 
 
-0.44 -0.01024 
 
-0.32 
ROOF_ASBES 0.01748 
 
0.51 0.013895 
 
0.41 0.018705 
 
0.56 0.015376 
 
0.46 
WALL_BRICK -0.02678 
 
-0.64 -0.03264 
 
-0.78 -0.02603 
 
-0.64 -0.03289 
 
-0.81 
WALL_WOOD -0.00658 
 
-0.16 -0.00479 
 
-0.11 -0.0025 
 
-0.06 -0.00125 
 
-0.03 
Pool 0.142154 *** 5.70 0.144515 *** 5.81 0.135236 *** 5.52 0.136784 *** 5.62 
Garden 0.071464 ** 2.99 0.072951 ** 3.06 0.073143 ** 3.13 0.074851 *** 3.22 
Stories 0.098362 *** 3.84 0.105767 *** 4.14 0.096244 *** 3.84 0.10372 *** 4.16 
Riverview 0.322308 *** 7.80 0.343242 *** 8.24 0.298448 *** 7.27 0.318181 *** 7.72 
INCOME 3.75E-05 
 
1.29 3.32E-05 
 
1.14 0.000026 
 
0.91 1.89E-05 
 
0.66 
parkdis -8.1E-05 
 
-0.87 -0.00021 ** -2.14 -0.00013 
 
-1.37 -0.00027 ** -2.77 
highway -0.00014 *** -4.85 -0.00019 *** -6.30 -9.7E-05 *** -3.2 -0.00015 *** -4.73 
flood -0.07155 ** -2.80 
   
-0.06885 ** -2.76 
   disshop 4.79E-05 
 
0.84 -2.3E-07 
 
0.00 0.000027 
 
0.48 -2.4E-05 
 
-0.43 
railway 0.000251 *** 3.59 0.000484 *** 4.94 0.000212 ** 3.06 0.000458 *** 4.79 
discbd 0.000151 ** 2.67 0.000152 ** 2.73 0.000125 ** 2.23 0.000118 ** 2.14 
stdis_elev 
   
1.78E-05 *** 3.71 
   
1.89E-05 *** 4.04 
D_2006 -0.11235 ** -2.00 -0.11696 ** -2.09 -0.11634 ** -2.12 -0.12146 ** -2.23 
D_2007 0.094414 * 1.69 0.093579 * 1.68 0.085767 
 
1.57 0.084006 
 
1.54 
D_2008 0.089733 
 
1.55 0.084176 
 
1.46 0.086296 
 
1.53 0.079724 
 
1.42 
D_2009 0.086793 
 
1.55 0.083688 
 
1.50 0.082407 
 
1.51 0.077962 
 
1.43 
D_2010 0.073006 
 
1.30 0.072126 
 
1.29 0.070368 
 
1.28 0.068749 
 
1.26 
D_2011 -0.0913 
 
-1.54 -0.09461 
 
-1.60 -0.09419 
 
-1.63 -0.09822 * -1.7 
D_2012 -0.05943 
 
-1.05 -0.06361 
 
-1.13 -0.06309 
 
-1.14 -0.06824 
 
-1.24 
R-squared 0.68 
  
0.68 
        Adj R-squared 0.67 
  
0.67 
        F 65.47 *** 66.08 
        n 946 
  
946 *** 
       rho 
      
0.171414 *** 
 
0.19189 *** 
 Log likelihood 
     
116.6622 
  
112.3683 
  Wald test of rho=0:           10.142 ***   12.805 ***   
Note: ***,** and * denote coefficients which  are significant at 1,5 and 10 percent levels of 
significance respectively. 
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As expected, the number of bedrooms (BEDRM), number of bathrooms 
(BATHRM), number of garage spaces (GARAGE) and land area (AREA, in square 
metres) positively affected property values. According to the estimations, each 
additional bedroom increased a property’s price by 4% for the first and third groups 
and 2% for second group. Since the age of a house or established year was not 
available for all observations, using both established year and house type, the 
HOUSETYPE variable was created and was found to be positive and significant. It 
clearly shows that newly built houses were more valuable than old houses. Other 
important structural factors to describe a property are construction materials (for the 
roof, walls and floors). These structural dummy variables are not always significant, 
possibly due to differences in quality rather than material. Moreover, two- or three-
storied houses are more valuable than single storey houses.  
The dummy variable for having a swimming pool (Pool), an attached attribute 
for property values, positively affected property value with the coefficients 
statistically significant. By having a swimming pool property prices increased 6% to 
14%. 
The dummy variables used to control for the year of sale showed mixed results. 
In most cases, year dummies were positive and some were significant. This is 
particularly the case in the low-income categories where property prices increased, 
while in the high income category, property prices fluctuated. 
The impact of flood on property values varied depending on the group. Group 
1 (low median income suburbs) and group 3 (high median income suburbs) showed a 
significant drop in property price when the property was in the flood zone, whereas 
the impact was not significant in group 2 ( these were medium income suburbs close 
to the CBD with more multiple dwellings than single detached houses).  Also more 
than 56% properties in group 2 are rental properties. If the property was in the flood 
zone, the average property prices are decreased by 6% in group 1 and 7% in group 3. 
The flood variable as well as distance to the river variable were not significant for 
Group 2. Rather than focus on flood risk, property buyers close to a main CBD, may 
consider amenity values for investment purposes. The variable ‘riverview’ was 
significant so that having a property with river views will increase property price 8% 
to 32%. Group 1 and 2 were different in terms of the median household income. This 
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finding is consistent with Gayer (2000) who found that the risk varied with the 
neighbourhood income.  
Next, the distance to the river and elevation were considered as 
approximations. The variable elevation provided significant, positive results. 
However the distance to the river was not a good measure of flood risk as properties 
close to the river had a positive effect with river view14. Finally, when flood risk was 
defined as a product of distance to the river and elevation it was found to have a 
significant and positive effect on property value (see Tables 4.4 – 4.6).  
Using these models it was concluded that the properties in flood-risk areas 
could be discounted compared to properties in non-risk areas. However, it is often 
difficult to isolate the effect of actual flood or release of flood-risk information on 
property values with HP analysis. 
 
4.4.3 SPATIAL QUASI-EXPERIMENTAL ANALYSIS 
The quasi-experimental design was employed to overcome the problem of 
isolating the effect of actual flood or release of flood-risk information on property 
values. As mentioned previously, the estimation of flood risk was considered in three 
ways by including properties in the flood-risk zone (dummy variable), distance to the 
river, elevation, and by the interaction between distance and elevation. The distance 
variable was not always appropriate as the river had both positive and negative 
impacts on property value.  
Compared with the distance variable, the interaction between distance and 
elevation was found to be the most appropriate specification of risk and particularly 
suitable for properties close to a river. For those further away from rivers, the flood 
variable is shown to be more of a risk factor. However, this result did not isolate the 
impact of the 2009 release of flood maps or the actual flood incident in 2011 on 
property values. To overcome this shortcoming one possibility is to use before and 
after analysis which compares pre- and post-incident effects (see, for example, Bin & 
Polasky, 2004). However, factors impacting on changes in property market behavior 
over the two time periods, such as changes in the macroeconomic situation, 
                                                 
 
14 The nonlinearity of distance to the river is discussed in chapter 7 
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migrations, and interest rates were not captured in such before and after analysis. A 
means to overcome this problem is to control the variability with non-affected 
properties.  
For comparison purposes, DID models were estimated with (ML) and without 
the spatial effect (OLS). Estimated coefficients were found to be more or less similar. 
OLS estimations were high, (R2 0.37 to 0.66), and the models significant. 
 The two treatments of the release of flood maps in 2009 and the Brisbane 
flood in 2011 were examined in this study showing the coefficients of D1 (release of 
flood map) and D2 (actual flood incidence). The estimated effect was not significant 
for group 2, whereas the results of group 1 and group 2 were significant and used in 
this analysis.  
As a quasi-experimental technique used in this thesis - DID - distinguishes the 
impact of flood and release of flood maps on property values. The first DID 
coefficients (D1) of estimated models did not provide significant results although 
they showed the expected negative signs. However the coefficients show property 
prices decreasing 1% to 4% after release of flood maps in 2009. The second (D2) 
was significant at the one percent level. These results indicated that the average value 
of properties in the flood-affected zones decreased after the 2011 flood event by 18% 
to 19%. In comparison to the actual flood event, the impact of the release of flood 
information was found to be minimal. These results were consistent with the findings 
of Siegrist & Gutscher (2008) who interviewed people in flood proven areas, 
(including flood affected and non-affected areas) and who found that people who did 
not have flood experience undervalued the risk. However, some studies have found a 
significant effect of the release of public information (see, for example, 
Samarasinghe & Sharp, 2010).  
Although group 2 (suburb) was in the flood plain, results were not as expected. 
The average distance to the river and elevation were generally of a lower value for 
group 2. In comparison to Group 3, Group 1 had a higher negative treatment effect 
which can be explained by average income showing that the negative effect of flood 
was higher for poor than well off suburbs.  
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Table 4.4: DID analysis-Group 1 
  OLS Estimation ML Estimation 
 
Model 1 Model 2 Model 1 Model 2 
LR_PRICE Coeff   t-stat Coeff   t-stat Coef.   z Coef.   z 
_cons 12.15933 *** 45.1 12.17753 *** 44.77 8.170768 *** 13.5 8.195209 *** 13.5 
BEDRM 0.028467 ** 2.68 0.028498 ** 2.68 0.02742 ** 2.67 0.027745 ** 2.7 
BATHRM 0.052969 *** 4.05 0.052687 *** 4.02 0.048855 *** 3.86 0.048198 *** 3.81 
GARAGE 0.05489 *** 6.88 0.054827 *** 6.87 0.053481 *** 6.93 0.053746 *** 6.97 
AREA 0.000239 *** 12.5 0.000239 *** 12.45 0.00023 *** 12.4 0.000231 *** 12.4 
HOUSETYPE 0.021338 ** 2.9 0.021666 ** 2.94 0.020122 *** 2.83 0.020149 *** 2.82 
FLOOR_CARP 0.05412 *** 3.23 0.054135 *** 3.23 0.044963 ** 2.76 0.045397 *** 2.79 
FLOOR_TILE 0.019814 
 
0.79 0.019954 
 
0.8 0.012689 
 
0.52 0.013679 
 
0.57 
FLOOR_WOOD 0.071662 *** 3.74 0.072054 *** 3.75 0.062775 *** 3.38 0.062914 *** 3.38 
ROOF_TILE -0.01119 
 
-0.7 -0.01052 
 
-0.63 -0.01669 
 
-1 -0.01649 
 
-1.02 
ROOF_ASBES 0.011 
 
0.55 0.011388 
 
0.57 0.004001 
 
0.21 0.003522 
 
0.18 
WALL_BRICK -0.07255 *** -4.3 -0.07249 *** -4.24 -0.06599 *** -4 -0.06558 *** -3.97 
WALL_WOOD -0.01923 
 
-0.9 -0.01841 
 
-0.88 -0.02464 
 
-1.2 -0.02435 
 
-1.2 
Pool 0.046564 ** 2.25 0.045812 ** 2.21 0.041853 ** 2.09 0.040747 ** 2.04 
Garden 0.062282 *** 4.35 0.062864 *** 4.38 0.060053 *** 4.34 0.05998 *** 4.32 
Stories 0.064739 *** 3.81 0.065001 *** 3.82 0.067457 *** 4.1 0.06801 *** 4.14 
Riverview -0.1811 
 
-1.4 -0.18292 
 
-1.46 -0.20996 * -1.7 -0.21008 * -1.73 
INCOME 4.35E-05 
 
1.45 0.000045 
 
1.49 1.09E-05 
 
0.37 1.29E-05 
 
0.44 
parkdis -3E-06 
 
-0.1 -6.5E-06 
 
-0.25 -1.2E-05 
 
-0.5 -1.7E-05 
 
-0.68 
highway 7.21E-05 *** 5.07 7.15E-05 *** 5 4.43E-05 *** 3.1 4.34E-05 ** 3.04 
flood 0.015731 
 
0.52 0.016802 
 
0.55 0.017288 
 
0.59 
   disshop 7.16E-05 *** 3.48 0.000072 *** 3.5 5.18E-05 ** 2.58 5.34E-05 ** 2.68 
railway -8.3E-05 *** -4.6 -8.4E-05 *** -4.66 -5.7E-05 *** -3.2 -5.6E-05 *** -3.18 
discbd 2.69E-07 
 
0.01 -2.1E-06 
 
-0.1 -1.6E-06 
 
-0.1 -3.7E-06 
 
-0.17 
stdis_elev 
   
1.18E-07 
 
0.52 
   
5.6E-08 
 
0.26 
D1 -0.01445 
 
-0.3 -0.01453 
 
-0.31 -0.01584 
 
-0.3 -0.00146 
 
-0.04 
D2 -0.19779 *** -3.9 -0.19766 *** -3.87 -0.18894 *** -3.8 -0.18907 *** -3.83 
R-squared 0.3834 
  
0.3835 
        Adj R-squared 0.3722 
  
0.3719 
        F 34.15 *** 
 
32.83 
        n 1399 
  
1399 
        rho 
      
0.318157 *** 
 
0.31758 *** 
 Log likelihood 
      
206.0023 
  
205.8612 
  Wald test of rho=0:           50.314 ***   50.068 ***   
Note: ***,** and * denotes coefficients that are significant at 1,5 and 10 percent levels of significance 
respectively. 
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Table 4.5: DID analysis-Group 2 
  OLS Estimation  ML Estimation 
LR_PRICE Coeff   t-stat Coef.   z 
_cons 12.31992 *** 64.7 7.550029 *** 8.93 
BEDRM 0.024702 * 1.67 0.020779 
 
1.49 
BATHRM 0.066161 *** 3.65 0.065507 *** 3.82 
GARAGE 0.040172 ** 2.58 0.036868 ** 2.52 
AREA 0.001011 *** 13.26 0.000945 *** 13.03 
HOUSETYPE 0.005131 
 
0.33 0.013813 
 
0.92 
FLOOR_CARP -0.00334 
 
-0.07 0.012896 
 
0.28 
FLOOR_TILE 0.090264 * 1.66 0.090151 * 1.75 
FLOOR_WOOD 0.066859 
 
1.64 0.080601 ** 2.09 
ROOF_TILE 0.028616 
 
0.66 -0.00264 
 
-0.06 
ROOF_ASBES 0.031038 
 
0.69 0.010466 
 
0.25 
WALL_BRICK 0.223546 ** 3.3 0.187944 ** 2.93 
WALL_WOOD 0.181738 ** 3.01 0.151654 ** 2.66 
Pool 0.094765 ** 2.58 0.07215 ** 2.07 
Garden 0.09969 ** 3.06 0.089719 ** 2.92 
Stories 0.08009 ** 2.3 0.071403 ** 2.17 
Riverview 0.09851 * 1.9 0.094908 * 1.94 
INCOME 0.000119 *** 4 5.27E-05 * 1.78 
parkdis -0.00011 
 
-1.48 3.69E-05 
 
0.44 
highway 
   
-0.00022 ** -2.02 
flood 0.007426 
 
0.13 0.022112 
 
0.4 
disshop 0.000218 *** 3.69 0.000187 *** 3.33 
discbd 7.27E-05 
 
1.08 0.000321 ** 2.26 
D1 0.037712 
 
0.42 0.030746 
 
0.37 
D2 -0.05933 
 
-0.63 -0.12422 
 
-1.39 
       R-squared 53 
     Adj R-squared 0.51 
     F 27.93 *** 
    n 603 
  
603 
  rho 
   
0.35 *** 
 Log likelihood 
   
-118.823 
  Wald test of rho=0:           
Note: ***,** and * denotes coefficients that are significant at 1,5 and 10 percent levels of significance 
respectively. 
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Table 4.6: DID analysis- Group 3 
  OLS Estimation ML Estimation 
 
Model 1 Model 2 Model 1 Model 2 
LR_PRICE Coeff   t-stat Coeff   
t-
stat Coef.   z Coef.   z 
_cons 11.65049 *** 32.35 11.72974 *** 32.6 9.298884 *** 12.2 9.305311 *** 12.3 
BEDRM 0.039653 ** 2.61 0.039249 ** 2.59 0.042948 ** 2.88 0.041861 *** 2.82 
BATHRM 0.109633 *** 6.78 0.107941 *** 6.7 0.103881 *** 6.53 0.101298 *** 6.39 
GARAGE 0.010351 
 
0.81 0.010786 
 
0.85 0.012322 
 
0.99 0.014597 
 
1.18 
AREA 0.000479 *** 13.09 0.000489 *** 13.4 0.000463 *** 12.8 0.000475 *** 13.2 
HOUSETYPE 0.001985 
 
0.21 0.0035 
 
0.36 0.00165 
 
0.17 0.003876 
 
0.41 
FLOOR_CARP -0.01393 
 
-0.41 -0.00997 
 
-0.3 -0.01485 
 
-0.45 -0.00839 
 
-0.3 
FLOOR_TILE 0.077428 
 
1.45 0.080433 
 
1.51 0.078802 
 
1.5 0.082343 
 
1.58 
FLOOR_WOOD 0.001372 
 
0.06 0.003007 
 
0.13 0.006049 
 
0.27 0.009065 
 
0.4 
ROOF_TILE -0.00926 
 
-0.28 -0.00494 
 
-0.2 -0.01385 
 
-0.42 -0.00912 
 
-0.3 
ROOF_ASBES 0.030523 
 
0.88 0.028912 
 
0.84 0.032054 
 
0.95 0.031265 
 
0.93 
WALL_BRICK -0.04282 
 
-1.01 -0.05102 
 
-1.2 -0.04094 
 
-0.99 -0.05204 
 
-1.3 
WALL_WOOD -0.01825 
 
-0.42 -0.02182 
 
-0.5 -0.01299 
 
-0.31 -0.02135 
 
-0.5 
Pool 0.147046 *** 5.8 0.148289 *** 5.87 0.139487 *** 5.6 0.139709 *** 5.64 
Garden 0.077649 *** 3.22 0.078624 *** 3.27 0.079771 *** 3.38 0.079027 *** 3.37 
Stories 0.100373 *** 3.87 0.105992 *** 4.09 0.09777 *** 3.85 0.102317 *** 4.04 
Riverview 0.331865 *** 7.94 0.350775 *** 8.32 0.305676 *** 7.35 0.322543 *** 7.72 
INCOME 3.37E-05 
 
1.14 2.51E-05 
 
0.85 2.17E-05 
 
0.75 6.25E-06 
 
0.22 
parkdis -6.1E-05 
 
-0.65 -0.00017 * -1.7 -0.00011 
 
-1.18 -0.00022 ** -2.2 
highway -0.00013 *** -4.58 -0.00018 *** -5.4 -8.6E-05 *** -2.82 -0.00012 *** -3.7 
flood 0.011544 
 
0.37 0.039315 
 
1.2 0.014305 
 
0.46 
 
*** 
 disshop 5.48E-05 
 
0.95 0.000026 
 
0.45 3.21E-05 
 
0.57 0.000014 
 
0.25 
railway 0.000264 *** 3.74 0.000471 *** 4.68 0.000221 ** 3.14 0.000427 *** 4.38 
discbd 0.000161 ** 2.83 0.000145 ** 2.54 0.00013 ** 2.31 0.0001 * 1.79 
stdis_elev 
  
1.49E-05 ** 2.87 
   
1.45E-05 ** 2.98 
D1 -0.04388 
 
-1.15 -0.04078 
 
-1.1 -0.04131 
 
-1.11 -0.01638 
 
-0.5 
D2 -0.18701 *** -4.66 -0.19033 *** -4.8 -0.19128 *** -4.87 -0.19257 *** -4.9 
             R-squared 0.6692 
  
0.6721 
        Adj R-squared 0.6602 
  
0.6629 
        F 74.44 *** 
 
72.46 *** 
       n 946 
  
946 
        rho 
      
0.189323 *** 
 
0.201703 *** 
 Log likelihood 
     
134.6597 
  
130.3533 
  Wald test of rho=0:           12.13 ***   13.825 ***   
Note: ***,** and * denotes coefficients that are significant at 1,5 and 10 percent levels of significance 
respectively. 
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4.4.4 TEMPORAL VARIATION OF FLOOD RISK 
The negative effect on property values resulting from the 2011 flood and 
release of flood maps is shown to have disappeared over time. This is possibly due to 
people forgetting unpleasant experiences over time, appropriate flood mitigation 
mechanisms and the development of additional amenities. Sometimes, the property 
value bounces back by more than average price increases due to rehabilitation after 
the flood. Moreover, from examination of flood history there may be a belief that 
such an extreme flood may happen only once in a lifetime. This hypothesis was 
tested using data discussed in chapter 3 following the flood incident. Since only three 
years had lapsed following the flood, sales month was counted for the analysis. 
The results are reported in Tables 4.7 and 4.8. The interested variable 
(MT_AFT_FLD) is significant at the 5% level for group 1, 10% for group 2 and not 
significant in group 3. Although the variable is expected to positively affect property 
value, for the first two groups it is negative (and significant). According to the 
results, property values further decline by 3%. In the third group the sign is as 
expected although not significant.  
According to the Census and Statistic Survey (2011) data, the first group falls 
into a low median income group, the second group are in a medium income category 
and the third are in a higher income category (these categorisations are based on the 
ranking of median income for this study). The results confirm property prices in poor 
suburbs are declining.  
However, the time period considered in this study is not sufficiently long for 
strong conclusions to be drawn. According to Lamond (2008) property prices recover 
after three years while Bin & Landry (2013) found it takes about five to seven year 
for recovery. For this study data available following the major flood is less than three 
years old.  
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Table 4.7: Temporal variation-OLS estimation 
  OLS Estimation  
 
Group 1     Group 2     Group 3     
LR_PRICE Coef.   t Coef.   t Coef.   t 
_cons 11.48786 *** 10.75 12.32712 *** 36.80 11.67174 *** 18.28 
BEDRM 0.038014 ** 2.06 0.028736 
 
1.23 0.02484 
 
1.03 
BATHRM 0.072083 ** 3.07 0.070711 ** 2.49 0.128004 *** 4.41 
GARAGE 0.06 *** 4.37 0.029252 
 
1.19 0.025367 
 
1.22 
AREA 0.000142 *** 3.31 0.000664 *** 6.08 0.000546 *** 8.44 
HOUSETYPE 0.033507 ** 2.76 0.051381 ** 2.04 0.034699 ** 2.18 
FLOOR_CARP -0.02076 
 
-0.56 -0.14704 ** -2.01 -0.003 
 
-0.05 
FLOOR_TILE -0.08419 * -1.73 0.058979 
 
0.75 -0.03259 
 
-0.32 
FLOOR_WOOD 0.028309 
 
0.78 -0.03832 
 
-0.61 0.016455 
 
0.43 
ROOF_TILE 0.032367 
 
1.11 -0.04866 
 
-0.79 0.022859 
 
0.38 
ROOF_ASBES -0.00386 
 
-0.11 0.017408 
 
0.26 0.033373 
 
0.55 
WALL_BRICK 0.0083 
 
0.29 0.069942 
 
0.61 0.0156 
 
0.18 
WALL_WOOD 0.036295 
 
0.92 0.103351 
 
1.11 0.038312 
 
0.42 
Pool 0.04822 
 
1.38 0.118019 * 1.94 0.113267 ** 2.59 
Garden 0.080352 ** 3.06 0.094597 * 1.83 0.114879 ** 2.83 
Stories 0.039973 
 
1.27 0.015946 
 
0.28 0.133744 ** 2.87 
Riverview 0.156146 
 
1.20 0.020608 
 
0.22 0.190939 ** 2.24 
ELEV 0.00175 
 
0.95 0.006953 
 
1.14 -0.01421 
 
-0.84 
INCOME 0.000163 ** 3.04 5.95E-05 
 
1.09 5.68E-05 
 
1.00 
parkdis -0.00012 ** -2.05 0.000402 ** 2.62 -0.00033 ** -2.04 
highway 2.28E-05 
 
0.68 -0.00086 *** -3.81 -0.00017 ** -2.59 
flood -0.16632 *** -4.00 -0.03715 
 
-0.49 -0.14641 ** -3.03 
disstreem -1.4E-05 
 
-0.15 -0.0002 
 
-1.27 -0.00066 
 
-1.64 
disshop 9.31E-05 
 
1.52 4.85E-05 
 
0.41 -7.4E-05 
 
-0.71 
railway -8.7E-05 ** -2.26 
   
0.000392 ** 2.26 
discbd 4.32E-05 
 
0.45 0.001009 *** 3.49 0.000147 
 
1.25 
stdis_elev 
     
5.87E-05 ** 2.12 
MT_AFT_FLD -0.00315 ** -2.21 -0.00451 * -1.74 0.00199 
 
1.02 
          R-squared 0.5569 
  
0.7129 
  
0.7589 
  Adj R-squared 0.518 
  
0.6564 
  
0.7301 
  n                   
Note: ***,** and * denotes coefficients that are significant at 1,5 and 10 percent levels of significance  
respectively. 
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Table 4.8: Temporal variation models-ML estimation 
  ML Estimation  
 
Group 1     Group 2     Group 3     
LR_PRICE Coef.   z Coef.   z Coef.   z 
_cons 9.166435 *** 6.58 10.61421 *** 8.47 10.54767 *** 8.68 
BEDRM 0.036289 ** 2.08 0.027204 
 
1.29 0.021991 
 
0.97 
BATHRM 0.071004 *** 3.19 0.070575 ** 2.75 0.133088 *** 4.93 
GARAGE 0.058463 *** 4.50 0.029349 
 
1.32 0.029293 
 
1.49 
AREA 0.000143 *** 3.52 0.00067 *** 6.78 0.000538 *** 8.80 
HOUSETYPE 0.033138 ** 2.88 0.057138 ** 2.47 0.032713 ** 2.19 
FLOOR_CARP -0.02448 
 
-0.70 -0.14485 ** -2.20 -0.01195 
 
-0.21 
FLOOR_TILE -0.08566 * -1.86 0.051762 
 
0.73 -0.04078 
 
-0.42 
FLOOR_WOOD 0.027207 
 
0.79 -0.03559 
 
-0.63 0.006601 
 
0.19 
ROOF_TILE 0.033541 
 
1.22 -0.05156 
 
-0.93 0.030372 
 
0.54 
ROOF_ASBES -0.00636 
 
-0.18 0.006098 
 
0.10 0.045079 
 
0.79 
WALL_BRICK 0.010895 
 
0.40 0.059513 
 
0.57 0.008813 
 
0.10 
WALL_WOOD 0.036861 
 
0.99 0.097602 
 
1.16 0.037328 
 
0.44 
Pool 0.045963 
 
1.39 0.12105 ** 2.21 0.104478 ** 2.52 
Garden 0.080107 *** 3.23 0.090707 * 1.94 0.11675 ** 3.03 
Stories 0.045402 
 
1.52 0.010156 
 
0.19 0.128276 ** 2.94 
Riverview 0.154758 
 
1.25 0.036572 
 
0.43 0.215611 ** 2.91 
ELEV 0.001998 
 
1.14 0.004794 
 
0.84 
   INCOME 0.000145 ** 2.83 4.75E-05 
 
0.95 0.000054 
 
1.00 
parkdis -0.00013 ** -2.36 0.000424 ** 3.04 -0.00031 ** -2.04 
highway 1.84E-05 
 
0.58 -0.00076 *** -3.54 -0.00015 ** -2.63 
flood -0.15788 *** -4.00 -0.03571 
 
-0.52 -0.14185 *** -3.31 
disstreem -2.1E-05 
 
-0.24 -0.0002 
 
-1.39 
   disshop 9.52E-05 * 1.65 6.75E-05 
 
0.63 -6.5E-05 
 
-0.67 
railway -6.4E-05 * -1.70 
   
0.000373 ** 2.42 
discbd 4.24E-05 
 
0.47 0.000869 ** 3.11 8.77E-05 
 
0.94 
       
2.04E-05 ** 2.17 
MT_AFT_FLD -0.00297 ** -2.20 -0.0042 * -1.79 0.002006 
 
1.09 
          rho 0.181363 *** 2.42 0.131013   1.41 0.092842   1.11 
Note: ***,** and * denotes coefficients that are significant at 1,5 and 10 percent levels of significance 
respectively. 
 
4.5 CONCLUSION 
Application of the conventional hedonic pricing function is not appropriate for 
comparing two consecutive events such as the release of flood maps (i.e., 
information on potential disaster) and actual flood incidence (i.e., disaster event). In 
this study two treatments - release of information and actual flood incidence -were 
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compared using a quasi-experimental technique of DID estimation. More robust 
estimation is achieved by comparing two incidents with a suitable control group. 
Previous studies (e.g., Rambaldi et al., 2013) have not distinguished between the 
effects of these incidences. 
As stated in the literature, many factors affect property values all of which 
cannot be incorporated as determinants in the model. DID estimation controls for 
unobserved properties by use of a well-defined control group. Thus the DID method 
has been previously employed to isolate the effect of different hazard events (see, for 
example, Bin & Landry, 2013). However no previous studies were found which 
attempted to compare the availability of risk information and actual incident.  
Most of the hedonic coefficients are significant which confirms that the 
findings of this study are in line with existing literature. In addition to DID analysis, 
HP price models were estimated in an OLS and ML context. The policy variable in 
this study was modeled in different ways. When properties were located close to the 
water body, the appropriate way of specifying flood-risk used a two-dimensional 
methodology capturing both amenity and dis-amenity values.  
As many researchers have reported, this study also observed spatial interaction 
in property transaction data. However, existing econometric software does not 
support estimating a spatial model with a large data set. Hence affected suburbs are 
divided into three different groups. Major differences among three groups were 
observed; i.e. median income, distance to the CBD and distance to the river. The 
results may suggest the presence of differences in different suburbs in relation to the 
impact of flood15. The flood effect also was different across different regions. It 
confirms that the negative impact can be internalized with the presence of other 
amenities. Moreover the results of time varying models are different across the three 
locations indicating flood-risk does not decrease in a similar manner. Property value 
depends on the land values. Hele (2013) indicated that values in resource-rich areas 
have been increasing - a fact highlighted in the 2012 land valuation report.  
As HP theory explains, property value is the total value of individual 
characteristics of the property and other related factors. The results are possible due 
to the property market’s heterogeneous nature and the presence of the property 
                                                 
 
15 Differences across different suburbs are discussed in chapter 7. 
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submarket (see, for example, Wilhelmsson, 2004). Thus the flood-risk can be 
outweighed by the presence of other amenities, and variable property value discounts 
indicated across the different demographic submarkets. The next chapter provides 
insights into differences in submarket behavior as revealed by HP quantile regression 
analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
88 
88Chapter 4: The Effect of Flood Risk Information Disclosure and Floods on the Property Market: HP Price and 
Quasi Experimental Analysis 
 
 
 Chapter 5: Who Responds More to Environmental Amenities and Dis-amenities: The Rich or the Poor? 89 
Chapter 5: Who Responds More to 
Environmental Amenities and Dis-
amenities: The Rich or the Poor?  
Whether all property buyers/sellers (in different submarkets) consider environmental 
amenities and dis-amenities in a similar manner is questionable. This chapter investigates the 
variation in impact of the release of flood risk information and actual flood incidence on 
different property submarkets. The differences in valuing other characteristics within each 
submarket are then observed.  It is hypothesised that the property market could be categorized 
depending on the market value of the property based on the premise that high income people 
could afford and buy higher-valued properties and low income people buy lower-valued 
properties. This hypothesis is tested using quantile regression analysis. The spatial effect in 
hedonic price analysis is captured by adopting a two-stage quantile regression (2SQR). This 
quasi-experimental technique is then combined to distinguish the impact of the release of 
flood risk information and actual flood incidence.  The next section demonstrates the 
existence of property submarkets (section 5.1). Section 5.2 provides relevant literature to 
support the existence of submarkets and methodological approaches. The methodological 
approach is then analysed in order to investigate the hypothesis relating to differentiation of 
submarket behaviours (section 5.3). Section 5.3 discusses quantile regression and spatial 
quantile regression analyses (2SQR). Empirical results are presented in section 5.4.  
 
5.1 BACKGROUND 
The inherent nature of geographical distribution and heterogeneity in property markets 
naturally create submarkets. The heterogeneous character of property arises from many 
factors. For example some properties are close to natural geographical formations (such as 
waterfronts, natural forests, views) or manmade infrastructure (such as playgrounds, parks, 
recreational places, religious establishments, the central business district (CBD), shopping 
centres, schools, roads and transport). In addition properties differ according to their structure, 
materials, size, finishing and attachments such as a pool. Other than structural characteristics 
and environmental factors part of this heterogeneity in the product (property) can be due to 
demand side behaviour. According to Hoshino (2011), residential preferences are also 
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heterogeneous. For example, wealthy residents tend to prefer to have similarly wealthy 
neighbours. Cultural, religious and other social factors also are determinants of submarket 
creation (see, for example, Sheppard, 2010; Thompson et al., 2012).  
According to Farmer & Lipscomb (2010), households compete with each other within 
their own submarket. Buyers tend not to bid for properties in other differentiated submarkets 
but rather for similar submarkets. Given that different property submarkets behave differently. 
Moreover within a submarket, properties are more homogeneous and hence estimations are 
precise (Bourassa et al., 1999). Property submarkets have been found to be closely related to 
the income group, as high quality properties are often owned by high-income groups whereas 
low quality properties are usually owned by low-income group. Similarly, these groups tend 
to value environmental amenities and pollution differently. For example, the number of 
garage spaces may be important for rich submarkets whereas being close to public transport 
may be important for poor or middle income groups. The main focus of this chapter therefore 
to examine the behaviour of different submarkets under flood risk. 
The property submarkets can be defined according to the property characteristics, socio-
economic characteristics, administrative boundaries, and geographical locations. 
Geographical boundaries or administration boundaries are better approximations for the 
submarkets given evidence in a range of publications of spatial interaction. However, 
according to Mak et al. (2010), property submarkets can be observed within a single 
condominium and hence administration boundaries may not be a good approximation.  
Combinations of structural, environmental and socio-economic characteristics can also 
be considered to differentiate submarkets. However in this study the definition of a property 
submarket is based on property values and which, it is assumed, also relate to household 
income and other associated characteristics. The following section discusses different 
empirical approaches for categorizing such property submarkets. 
 
5.2 LITERATURE REVIEW 
Despite its long history, the HP price analysis for property valuation has not performed 
consistently in parameter estimation. Different researchers have used different sets of 
determinants but even commonly used property structural variables do not always show 
significant expected results. Reviewing 125 past research papers, Sirmans et al. (2005) have 
shown the inconsistency of parameter estimation. Moreover, the property market data often 
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exerts spatial interactions (see, for example, Anselin, 1988; LeSage & Pease, 2009). The 
spatial interactions also cause different results for different submarkets. A property price in 
one location can depend on property prices in other locations. Thus spatial interaction tends to 
be higher for similar properties given different people may value property characteristics 
differently. 
Property submarkets and their characteristics are one of the most studied areas in 
marketing literature. Although as discussed the property submarket can be defined in terms of 
socio economic and environmental characteristics, political, administration and geographical 
boundaries, statistical techniques can also be employed. Commonly used statistical techniques 
to distinguish property submarkets are factor analysis, cluster analysis and principle 
component analysis. As suggested by Hoshino (2011), residential preference heterogeneity 
should be incorporated in the HP model for precise estimation. Such heterogeneity can be 
avoided by considering more homogeneous groups. The individual preference heterogeneity 
may be correlated with demographic, income and socioeconomic factors.  
A variety of approaches have been empirically used to distinguish different housing 
submarkets. For example, researchers have used geographical administrative school and 
census boundaries and statistical clustering methods. Among other different approaches, 
Dorsey et al. (2010) used zip codes to identify the submarkets. According to Michaels & 
Smith (1990), separate HP price functions for different market segments are more likely to 
produce precise estimations for property characteristics and property price relationships than a 
single HP price function. Moreover, Bourassa et al. (1999) also highlight the importance of 
classifying property submarkets. They estimated HP price functions for submarkets as well as 
the whole sample by adopting the K-means clustering procedure and principle component 
analysis for the identification of submarkets. 
Wilhelmsson (2004) identifies the housing submarket by using cluster analysis. He 
found that submarket analysis could be used to reduce the spatial dependency of housing 
characteristic parameters. As noted if submarkets are ignored in the HP analysis the 
estimation coefficients may be biased. Dale-Johnson (1982) identified the submarket using 
factor analysis whereas Bourassa et al. (1999) used a combination of principle component 
analysis and cluster analysis. Miron (1995) analysed rent data in Canada and concluded that 
the hedonic price varied from city to city according to house supply. The finding of Gayer 
(2000) also provides evidence for differing behaviour of property submarkets. He found that 
higher income neighbourhoods provided a higher valuation for environmental risk reduction 
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than the poorer group. Property submarkets have also been divided according to property 
value. As property value is the dependent variable in the HP analysis, quantile regression can 
therefore be shown to be an appropriate technique to examine submarket behaviour.  
 
5.2.1 QUANTILE REGRESSION ANALYSIS 
Real estate markets can be segmented in many ways, for example, as those in the upper-
price range and those in the lower-price range properties, or in terms of high- and low-income 
groups (McCluskey & Rausser, 2003). Importantly housing characteristics of each segment 
are shown to be valued differently. Similarly, environmental amenities and dis-amenities may 
be valued differently across the demographic groups. Given the housing market’s 
stratification into sub-groups it is important to implement appropriate and differentiated 
policies (Prasad & Richards, 2008). According to the Merz et al. (2004), even when 
estimating direct flood damage the variability can be minimised by the classification of 
affected properties. Appropriate econometric techniques can be used to observe the behaviour 
of different price ranges property submarket. 
Traditional OLS estimation explains the mean value of the dependent variable. As 
property price distribution is asymmetric (McMillen & Thorsnes, 2006) the mean value is 
generally higher than the price of a typical property for a particular submarket. This is 
because even a small number of higher priced properties can produce an asymmetric 
distribution in property prices. In such a situation, the quantile regression analysis method is 
more appropriate to examine the relationship at different quantiles of distribution of the 
independent variables. That is, quantile regression analysis is more flexible than OLS by 
allowing the examination of a comprehensive picture of a segmented property market which 
is based on property prices. Moreover, quantile regression analysis has been found to have 
advantages over the conventional mean-based estimation because it reduces the effect of 
outliers (see, for example, McMillen & Thorsnes, 2006). It should be noted that sometimes 
quantile regression refers to a percentile. To illustrate, unlike traditional OLS estimation, 
which is estimated as a conditional mean value, quantile regression estimates the conditional 
quantile function. 
Since the seminal work of Koenker & Bassett (1978), quantile regressions have been 
widely used. The technique has also been used in HP price estimation (see, for example, 
Kostov, 2013; Ebru & Eban, 2011; Farmer & Lipscomb, 2010; Heintzelman, 2010; Kostov, 
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2009; McMillen & Thorsnes, 2006; Zietz et al., 2008). Researchers have found that the results 
of the OLS estimation of the HP price vary across studies. A possible reason may be that 
housing characteristics are not being similarly priced across a given distribution of house 
prices. As Zietz et al., (2008) show, buyers of higher priced houses value square footage and 
number of bedrooms which differs from buyers of lower priced houses.  
Kostov (2009) applied spatial dependency and quantile regressions to the hedonic land 
price model in Northern Ireland. The research suggests that the quantile regression technique 
was useful in studying the segmented land market. The impact of animal agriculture on 
property prices has been investigated using quantile regression techniques (Kuethe & Keeney, 
2012). The results also suggest that the quantile regression analysis was more appropriate for 
a segmented market such as the property market. However, owing to the spatial interaction of 
property markets, spatial dependency needs to be considered in quantile regression analysis.  
 
5.3 METHODOLOGY 
It has been shown that higher priced property buyers and lower priced property buyers 
value property characteristics in different ways (see, for example, Newsome & Zietz, 1992; 
Zietz et al., 2008). In this paper, it is hypothesised that environmental amenities and natural 
hazards such as flood also have varying effects on property prices across their price range. For 
instance, when higher priced properties are bought, extra amenities other than basic structures 
will be expected. As a result a submarket is assumed to exist based on property prices. As 
discussed previously, higher valued properties are bought and sold by higher-income groups. 
The quantile regression analysis is therefore used to identify the implicit prices of houses for 
different points of the distribution of housing prices. 
OLS regression analysis explains the mean of the dependant variable whereas quantile 
regression analysis explains the response variable’s conditional distribution. Hence, such an 
analysis can be employed to explain the determinants of the dependant variables at any given 
point on the distribution of the dependant variable. Quantile regression is preferred to OLS 
regression as it can explain the preferred category of the dependant variable using a full 
sample. As well, quantile regression has the capability of accounting for heteroscedasticity, 
the impact of outliers, and unobserved heterogeneity (see, for example, Koenker, 2005).  
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5.3.1 QUANTILE REGRESSIONS 
The property market price is considered the dependant variable in hedonic estimation. 
As noted in order to examine the extent to which housing characteristics are valued differently 
across the distribution of housing price, quantile regression analysis is the most appropriate. 
The quantile regression method has been widely used following the seminal work of Koenker 
& Basstti (1978). The linear regression model can be used as a basis for discussion of the 
quantile regression model (Hao & Naiman, 2007). Generally, the least square estimation of 
the linear regression and quantile regression models are comparable since both models deal 
with a continuous response variable. However, the assumptions about the error terms of each 
model are different. The linear regression model of HP function can be expressed as: 
 
𝑝𝑖 = ∝𝑖+ ∑𝛽𝑖𝑥𝑖 +  𝜀𝑖              Eq. 5.1 
 
where, pi is property price, xi is independent variables, ∝𝑖 is the constant term and 𝜀𝑖 is 
the error term. Equation 5.1 describes the conditional mean of property prices. The 
conditional mean of Pi given xi: 
𝑅(𝑝𝑖ǀ𝑥𝑖) = 𝛼𝑖 + 𝛽𝑖𝑥𝑖 
 
Following previous studies (see, for example, Hao & Naiman, 2007 and Koenker & 
Bassett, 1978), the quantile regression model can be expressed as: 
𝑝𝑖 = 𝛼𝑖(𝑞) + ∑𝛽𝑖(𝑞)𝑥𝑖 + 𝜀𝑖(𝑞)                    Eq. 5.2 
 
where, 0 < q < 1 indicates the proportion of the population below the qth quantile. 
 
𝑄𝑞(𝑝𝑖ǀ𝑥𝑖) = 𝛼𝑖(𝑞) + ∑𝛽𝑖(𝑞)𝑥𝑖                       Eq. 5.3 
 
The quantile regression is based on the minimisation of a weighted sum of the absolute 
deviations: 
𝑚𝑖𝑐
�𝑏𝑖�𝑖=0
𝑘 ∑ �𝑝𝑖 − ∑ 𝑏𝑖𝑥𝑖,𝑖𝑘𝑖=0 �ℎ𝑖𝑖                    Eq. 5.4 
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where, yi is the dependant variable at observation i, xj,i, the ith regressor variable at 
observation j, and bj, the vector of coefficient estimate of the model’s jth regression 
coefficient. 
The weighted hi is defined as: 
ℎ𝑖 = 2𝑞 
If the residual for the ith observation is strictly positive then: 
ℎ𝑖 = 2 − 2𝑞 
if the residual for the ith observation is negative or zero. The variable q(0<q<1) is the 
quantile to be estimated or predicted. 
Similarly priced houses are unlikely to be clustered geographically and hence spatial 
autocorrelation may be present in quantile regression analysis (Zietz et al., 2008). Therefore, 
the model should be tested and corrected for spatial autocorrelation. 
 
5.3.2 SPATIAL QUANTILE REGRESSIONS 
The unknown parameters of quantile regression can be estimated via OLS regression, 
but as discussed in section 2.5, the coefficient may be not efficient due to the spatial effect in 
the HP analysis. Alternatively, recent studies have introduced two methods for the estimation 
of quantile regression incorporating the spatial effect. Basically, two methods have been 
proposed to incorporate the spatial effect in quantile regression analysis. Kim & Muller 
(2004) use a two stage quantile regression (2SQR) analysis while Chernozhukov & Hasen 
(2008) use an instrumental variable quantile regression (IVQR). In other studies IVQR has 
been extended to incorporate the special lag effect (see, for example, Kostov, 2013 and 2009; 
Su & Yang, 2007). Kostov (2009) has reviewed the advantages and disadvantages of both 
approaches concluding that both approaches have considered in relation to the endogeneity 
issue. The 2SQR analysis is similar to the two-stage least-square (2SLS) regression and is 
easy to estimate whereas the estimation of IVQR requires the definition of several steps.  
In this study the 2SQR method was used following Kim & Muller (2004). Since spatial 
effect was observed in the dataset, it is necessary to incorporate spatial lag effect in quantile 
regression analysis. To do so the linear spatial lag model is specified as set out in equation 
5.5.  
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𝑝 =  𝜌𝜆𝑝 +  𝛼 +  ∑𝛽𝑖𝑥𝑖 +  𝜀              Eq. 5.5 
 
where, p is the property price, ρ is the spatial lag parameter, Wp is the spatial lagged 
dependent variable, x is the matrix of independent variables, β is the parameters of x, and ε is 
the vector of the error term.  
In contrast to the spatial HP model, the spatial quantile can be specify as: 
𝑝 =  𝜌(𝜏)𝜆𝑝 +  𝛼 +  ∑𝛽𝑖(𝜏)𝑥𝑖 +  𝜀                   Eq. 5.6  
 
where, τ is the corresponding quantile of the p, ρ(τ) is the property price in τth quantile, 
and β(τ) are quantile specific parameters.   
 
5.3.3 QUASI EXPERIMENTAL ANALYSIS AND QUANTILE REGRESSION 
A specific objective of this chapter is to investigate the impact of release of flood maps 
(2009) and actual flood incidence (2011) on property submarkets. To do so the 2SQR 
methodology is combined with quasi experimental analysis as expressed in equation 5.7 to 
investigate submarket behaviour under both circumstances.  
 p =  ρ(τ)Wp +  α + ∑βi(τ)xi +∝𝑡 (τ)𝑑𝑡𝑑𝑓 +  ε               Eq. 5.7 
 
where, dt (release of flood maps in 2009) represent the time period and df (flood 
incidence in 2011) represent the treatment. 
 
5.4 RESULTS AND DISCUSSION 
All flood affected transaction data were combined to execute the quantile regression 
analysis. Descriptive statistics of each quantile are presented in Table 5.1. It is noted that the 
mean value of property characteristics is not similar for all quantiles. For instance, the mean 
number of bathrooms is higher (2.3) for higher quantiles compared to lower quantiles (1.4) 
whereas, distance to the market place does not show a relationship. The average medium 
income shows a clearly increasing trend when related to the price of a house (AUS $ 2273 for 
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higher quantile and AUS$1310 for lower quantile). The high correlation (0.66) between house 
price and income is therefore a good approximation for dividing submarkets based on house 
price. 
 
Table 5.1: Descriptive statistics (mean values) of quantiles 
Variable Q1 Q2 Q3 Q4 
LR_PRICE 12.721 13.037 13.297 13.918 
BEDRM 3.286 3.248 3.434 3.862 
BATHRM 1.422 1.480 1.687 2.311 
GARAGE 1.400 1.540 1.589 1.826 
AREA 608.136 615.139 615.211 758.986 
Stories 1.105 1.142 1.254 1.499 
INCOME 1310.876 1429.387 1736.658 2273.077 
parkdis 700.952 660.342 555.281 472.581 
highway 2089.286 1764.957 1987.905 2064.188 
disshop 1727.143 1926.120 1774.174 1568.137 
railway 2711.939 1650.752 744.906 519.248 
discbd 12557.820 11336.580 9180.750 7253.504 
 
 
5.4.1 QUANTILE REGRESSION ANALYSIS WITHOUT CONSIDERING SPATIAL 
EFFECTS 
In the first stage of data analysis, quantile regression was performed for pooled 
transaction data and which does not take into account spatial effect. The quantile regression 
results not incorporating spatial effects are presented in Table 5.2 to 5.5. The first two HP 
price models were estimated specifying flood risk using different variables (flood and 
distance and elevation interaction) whereas, model 3 and 4 (Table 5.4 & 5.5) present the 
results of the DID models. The first model was estimated based on the flood map information 
(dummy variable; 1 for flood risk area and 0 otherwise). The variable ‘flood’ is significant 
with the expected sign for all quantiles but varies across the submarket. In the second model 
the flood risk was specified as an interaction between elevation and distance to the river 
(stdis_elev). The results are as expected and compatible with previous specifications. 
However, these two models cannot accommodate distinguishing and comparing the two 
incidences – that is release of flood risk information and actual flood incidence. Therefore, 
two DID models were estimated with quantile regression analysis and used to compare the 
two incidences.  
98 
98 Chapter 5: Who Responds More to Environmental Amenities and Dis-amenities: The Rich or the Poor? 
Estimated coefficients of flood for 0.25, 0.5 and 0.75 quantiles are -0.06, -0.11 and -
0.15 respectively. The estimated coefficients are different from OLS estimations as well as 
those of different quantiles. This indicates that higher valued properties in flood affected 
zones are discounted less than lower valued properties in flood plain regions. As illustrated in 
Figure 5.2, the variable ‘stdis_elev’ (a product of elevation and distance to the river) clearly 
show the existence of submarkets. Indicated then is that the impact of flood on property 
values is higher for the lower valued property submarket than the higher valued property 
submarket. Gayer (2000) also came to a similar conclusion in examining the impact of 
hazardous waste on property value.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 99 
Chapter 5: Who Responds More to Environmental Amenities and Dis-amenities: The Rich or the Poor? 99 
Table 5.2: HP Quantile regression (Model 1) 
  OLS     0.25 Quantile   Median regression 0.75 Quantile   
LR_PRICE Coef.   t Coef.   t Coef.   t Coef.   t 
_cons 12.85321 *** 117.15 12.72901 *** 88.36 12.67757 *** 122.12 12.74769 *** 97.95 
BEDRM 0.046561 *** 5.14 0.034443 *** 2.90 0.051803 *** 6.05 0.077479 *** 7.21 
BATHRM 0.105856 *** 10.25 0.087968 *** 6.49 0.103429 *** 10.58 0.118885 *** 9.70 
GARAGE 0.039663 *** 5.53 0.04001 *** 4.25 0.032309 *** 4.76 0.026677 ** 3.13 
AREA 0.000328 *** 17.96 0.000268 *** 11.18 0.000358 *** 20.71 0.000502 *** 23.15 
HOUSETYPE 0.011022 * 1.87 0.010139 
 
1.31 0.02049 *** 3.67 0.023475 *** 3.36 
FLOOR_CARP 0.027813 * 1.68 0.004347 
 
0.20 -0.00031 
 
-0.02 0.017732 
 
0.90 
FLOOR_TILE 0.013749 
 
0.56 0.028093 
 
0.88 0.023908 
 
1.04 0.011174 
 
0.39 
FLOOR_WOOD 0.032966 ** 2.21 0.029299 
 
1.49 0.0154 
 
1.09 0.017921 
 
1.01 
ROOF_TILE -0.00454 
 
-0.28 -0.0032 
 
-0.15 -0.0045 
 
-0.29 -0.02813 
 
-1.45 
ROOF_ASBES 0.007912 
 
0.45 0.010298 
 
0.45 0.005483 
 
0.33 0.010792 
 
0.52 
WALL_BRICK 0.00512 
 
0.28 0.006496 
 
0.28 -0.01265 
 
-0.74 -0.00939 
 
-0.44 
WALL_WOOD 0.043118 ** 2.24 0.052019 ** 2.06 0.02884 
 
1.58 0.009524 
 
0.42 
Pool 0.132118 *** 8.15 0.09858 *** 4.63 0.112993 *** 7.36 0.11398 *** 5.92 
Garden 0.061859 *** 4.67 0.067028 *** 3.86 0.049037 *** 3.92 0.038756 *** 2.47 
Stories 0.070943 *** 4.77 0.090152 *** 4.62 0.075711 *** 5.38 0.098099 *** 5.56 
Riverview 0.451504 *** 13.82 0.326042 *** 7.60 0.386899 *** 12.52 0.54199 *** 13.99 
INCOME 0.000157 *** 9.10 0.000156 *** 6.90 0.00015 *** 9.19 0.000121 *** 5.92 
parkdis -3.7E-05 * -1.84 6.00E-06 
 
0.23 -4.3E-05 ** -2.25 -5.8E-05 ** -2.45 
highway -1.7E-05 
 
-1.39 -3.1E-05 ** -1.92 4.00E-06 
 
0.35 1.93E-05 
 
1.34 
flood -0.11642 *** -7.19 -0.06203 ** -2.92 -0.1138 *** -7.43 -0.1513 *** -7.88 
disshop 1.28E-05 
 
0.81 -3.1E-05 
 
-1.49 1.75E-05 
 
1.17 5.02E-05 ** 2.68 
railway 2.39E-05 ** 2.36 -4.38E-07 
 
-0.03 -5.48E-06 
 
-0.57 3.19E-07 
 
0.03 
discbd -8.6E-05 *** -14.01 -6.8E-05 *** -8.47 -7.4E-05 *** -12.83 -9E-05 *** -12.30 
D_2006 0.016063 
 
0.49 0.02114 
 
0.49 0.081088 ** 2.63 0.057611 
 
1.49 
D_2007 0.19009 *** 5.94 0.216342 *** 5.15 0.228182 *** 7.54 0.178492 *** 4.70 
D_2008 0.211629 *** 6.39 0.229332 *** 5.28 0.245918 *** 7.85 0.210863 *** 5.37 
D_2009 0.204736 *** 6.31 0.217737 *** 5.11 0.228984 *** 7.46 0.173673 *** 4.52 
D_2010 0.187927 *** 5.67 0.219905 *** 5.05 0.218401 *** 6.96 0.164751 *** 4.19 
D_2011 0.038184 
 
1.10 0.069081 
 
1.51 0.090365 ** 2.75 0.031903 
 
0.77 
D_2012 0.046493 
 
1.39 0.064525 
 
1.47 0.069544 ** 2.19 -0.00043 
 
-0.01 
Adj R-squ 0.74 
           F 219.47 *** 
          No of Obs 2345                       
Note: ***,** and * denotes coefficients that are significant at 1,5 and 10 percent levels of significance 
respectively. 
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Table 5.3:  HP Quantile regression (Model 2) 
  OLS     0.25 Quantile   Median regression 0.75 Quantile   
LR_PRICE Coef.   t Coef.   t Coef.   t Coef.   t 
_cons 12.68638 *** 117.34 12.62502 *** 91.34 12.50385 *** 117.00 12.46687 *** 81.76 
BEDRM 0.047471 *** 5.19 0.037391 *** 3.20 0.052736 *** 5.83 0.069203 *** 5.36 
BATHRM 0.10901 *** 10.45 0.085052 *** 6.38 0.11464 *** 11.12 0.137469 *** 9.34 
GARAGE 0.036171 *** 5.00 0.037693 *** 4.07 0.028224 *** 3.95 0.030167 ** 2.96 
AREA 0.000328 *** 17.71 0.00025 *** 10.57 0.000342 *** 18.67 0.000508 *** 19.47 
HOUSETYPE 0.009934 * 1.67 0.011035 
 
1.45 0.023246 *** 3.95 0.021941 ** 2.61 
FLOOR_CARP 0.020216 
 
1.21 0.000657 
 
0.03 -0.01602 
 
-0.97 0.010778 
 
0.46 
FLOOR_TILE 0.001056 
 
0.04 0.015584 
 
0.50 0.000504 
 
0.02 0.002243 *** 0.06 
FLOOR_WOOD 0.028093 * 1.86 0.02826 
 
1.47 0.011804 
 
0.79 0.017295 *** 0.81 
ROOF_TILE -0.0025 
 
-0.15 -0.00466 
 
-0.22 -9.7E-05 
 
-0.01 -0.01999 *** -0.85 
ROOF_ASBES 0.013485 
 
0.76 0.010214 
 
0.45 0.017984 
 
1.03 0.020198 *** 0.81 
WALL_BRICK 0.007467 
 
0.41 0.016218 
 
0.70 -0.00865 
 
-0.48 -0.01549 *** -0.60 
WALL_WOOD 0.054375 ** 2.80 0.046082 * 1.85 0.037923 ** 1.97 0.024896 *** 0.91 
Pool 0.133022 *** 8.11 0.094603 *** 4.51 0.111388 *** 6.87 0.123688 *** 5.35 
Garden 0.067276 *** 5.03 0.06915 *** 4.04 0.055603 *** 4.20 0.058819 ** 3.12 
Stories 0.071038 *** 4.73 0.091701 *** 4.77 0.061107 *** 4.11 0.084076 *** 3.97 
Riverview 0.436129 *** 13.25 0.320723 *** 7.62 0.394607 *** 12.12 0.476437 *** 10.26 
INCOME 0.000183 *** 10.77 0.000176 *** 8.10 0.000171 *** 10.19 0.000163 *** 6.79 
parkdis -2.1E-05 
 
-1.02 1.61E-05 
 
0.60 -2E-05 
 
-0.96 -5.4E-05 * -1.85 
highway -2E-05 
 
-1.60 -3.67E-05 ** -2.35 -7.1E-06 
 
-0.59 0.000028 
 
1.62 
disshop -6.2E-06 
 
-0.39 -4.5E-05 ** -2.24 -7.84E-06 
 
-0.50 4.45E-05 ** 2.00 
railway -5.8E-07 
 
-0.05 9.89E-07 
 
0.07 -2.1E-05 * -1.91 -3.3E-05 ** -2.17 
discbd -7.3E-05 *** -12.03 -5.7E-05 *** -7.29 -6E-05 *** -9.90 -7.3E-05 *** -8.52 
stdis_elev 5.29E-07 ** 2.12 -3.19E-07 
 
-1.00 1.88E-07 
 
0.76 8.13E-07 ** 2.31 
D_2006 0.015871 
 
0.48 0.009678 
 
0.23 0.082144 ** 2.52 0.054057 
 
1.16 
D_2007 0.190313 *** 5.89 0.196813 *** 4.76 0.236515 *** 7.40 0.18516 *** 4.06 
D_2008 0.214354 *** 6.41 0.22558 *** 5.28 0.257953 *** 7.81 0.203492 *** 4.32 
D_2009 0.20751 *** 6.34 0.20738 *** 4.95 0.233573 *** 7.21 0.185356 *** 4.01 
D_2010 0.191381 *** 5.71 0.20469 *** 4.78 0.233275 *** 7.05 0.18145 *** 3.84 
D_2011 0.038777 
 
1.10 0.063649 
 
1.42 0.100335 ** 2.89 0.036898 
 
0.74 
D_2012 0.046302 
 
1.37 0.049152 
 
1.14 0.073328 ** 2.19 0.021718 
 
0.45 
Adj R-squ 0.73 
           F 213.55 *** 
          No of Obs 2345                       
Note: ***,** and * denotes coefficients that are significant at 1,5 and 10 percent levels of significance 
respectively. 
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Table 5.4:  DID Quantile regression (Model 3) 
  OLS     0.25 Quantile   Median regression 0.75 Quantile   
LR_PRICE Coef.   t Coef.   t Coef.   t Coef.   t 
_cons 13.0759 *** 120.71 12.82737 *** 89.60 13.19408 *** 126.16 12.93831 *** 106.04 
BEDRM 0.047499 *** 5.08 0.026338 ** 2.13 0.059487 *** 6.59 0.063098 *** 5.99 
BATHRM 0.108221 *** 10.14 0.090769 *** 6.44 0.100771 *** 9.78 0.1439 *** 11.97 
GARAGE 0.037661 *** 5.09 0.038832 *** 3.97 0.028149 *** 3.94 0.02305 ** 2.76 
AREA 0.000338 *** 17.90 0.000263 *** 10.54 0.000361 *** 19.78 0.000484 *** 22.74 
HOUSETYPE 0.010884 * 1.79 0.020831 ** 2.59 0.021359 *** 3.63 0.016713 ** 2.44 
FLOOR_CARP 0.039376 ** 2.40 0.03437 
 
1.59 0.016353 
 
1.03 0.030437 * 1.65 
FLOOR_TILE 0.031417 
 
1.26 0.03087 
 
0.94 0.051158 ** 2.12 0.036955 
 
1.31 
FLOOR_WOOD 0.033492 ** 2.19 0.027678 
 
1.37 0.025907 * 1.75 0.02498 
 
1.45 
ROOF_TILE -0.02373 
 
-1.45 -0.01025 
 
-0.47 -0.03701 ** -2.34 -0.04069 ** -2.21 
ROOF_ASBES 0.001001 
 
0.06 -0.00321 
 
-0.14 -0.002 
 
-0.12 -0.00019 
 
-0.01 
WALL_BRICK -0.0404 ** -2.30 -0.03056 
 
-1.31 -0.05412 *** -3.19 -0.06442 *** -3.25 
WALL_WOOD 0.002538 
 
0.13 0.028471 
 
1.12 -0.01959 
 
-1.05 -0.02102 
 
-0.97 
Pool 0.130314 *** 7.78 0.099174 *** 4.48 0.096765 *** 5.99 0.115779 *** 6.14 
Garden 0.065388 *** 4.79 0.091936 *** 5.10 0.052872 *** 4.01 0.050592 *** 3.29 
Stories 0.070873 *** 4.62 0.077321 *** 3.81 0.070844 *** 4.78 0.096402 *** 5.58 
Riverview 0.447148 *** 13.25 0.301415 *** 6.76 0.402173 *** 12.35 0.56128 *** 14.77 
INCOME 0.000146 *** 8.26 0.000184 *** 7.86 0.000121 *** 7.06 0.000111 *** 5.55 
parkdis -2.8E-05 
 
-1.37 1.65E-05 
 
0.60 -3.6E-05 * -1.80 -2.9E-05 
 
-1.25 
highway -1.5E-05 
 
-1.22 -3E-05 * -1.80 -3.3E-05 ** -2.73 3.16E-05 ** 2.26 
flood -0.07722 *** -3.88 -0.04861 * -1.85 -0.05996 ** -3.12 -0.07831 *** -3.49 
disshop 8.41E-06 
 
0.52 -3.2E-05 
 
-1.50 -2.3E-05 
 
-1.49 4.44E-05 ** 2.43 
railway 2.28E-05 ** 2.19 1.00E-06 
 
0.07 6.20E-06 
 
0.62 -1.1E-05 
 
-0.95 
discbd -9.1E-05 *** -14.38 -7.1E-05 *** -8.45 -9E-05 *** -14.72 -8.7E-05 *** -12.21 
D1 0.054961 * 1.79 0.087018 ** 2.14 0.026572 
 
0.90 -0.02869 
 
-0.83 
D2 -0.2637 *** -7.52 -0.27716 *** -5.98 -0.23877 *** -7.05 -0.20906 *** -5.29 
Adj R-squ 0.72 
           F 240.36 *** 
          No of Obs 2345                       
Note: ***,** and * denotes coefficients that are significant at 1,5 and 10 percent levels of significance 
respectively. 
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Table 5.5:  DID Quantile regression (Model 4) 
  OLS     0.25 Quantile   
Median 
regression   0.75 Quantile   
LR_PRICE Coef.   t Coef.   t Coef.   t Coef.   t 
_cons 13.08388 *** 120.48 12.82051 *** 90.13 13.20116 *** 125.09 13.0187 *** 102.39 
BEDRM 0.047303 *** 5.06 0.029094 ** 2.38 0.059451 *** 6.54 0.060802 *** 5.56 
BATHRM 0.107698 *** 10.08 0.090675 *** 6.48 0.101384 *** 9.77 0.143495 *** 11.47 
GARAGE 0.037515 *** 5.07 0.037854 *** 3.90 0.027303 *** 3.79 0.024096 ** 2.78 
AREA 0.000339 *** 17.93 0.000256 *** 10.31 0.000358 *** 19.44 0.000481 *** 21.72 
HOUSETYPE 0.010965 * 1.80 0.020566 ** 2.58 0.021769 *** 3.68 0.016028 ** 2.25 
FLOOR_CARP 0.038458 ** 2.34 0.041611 * 1.94 0.016614 
 
1.04 0.026317 
 
1.37 
FLOOR_TILE 0.030337 
 
1.21 0.034313 
 
1.05 0.052117 ** 2.15 0.033812 
 
1.16 
FLOOR_WOOD 0.033421 ** 2.19 0.030663 
 
1.53 0.025735 * 1.73 0.020131 
 
1.12 
ROOF_TILE -0.02189 
 
-1.33 -0.01853 
 
-0.86 -0.03798 ** -2.37 -0.04067 ** -2.11 
ROOF_ASBES 0.002964 
 
0.17 -0.00746 
 
-0.32 -0.00253 
 
-0.15 0.000444 
 
0.02 
WALL_BRICK -0.03999 ** -2.27 -0.02748 
 
-1.19 -0.05832 *** -3.41 -0.06525 ** -3.17 
WALL_WOOD 0.003616 
 
0.19 0.026639 
 
1.05 -0.02248 
 
-1.20 -0.02359 
 
-1.04 
Pool 0.129302 *** 7.71 0.093408 *** 4.25 0.096312 *** 5.91 0.117064 *** 5.96 
Garden 0.066332 *** 4.85 0.095742 *** 5.35 0.05197 *** 3.91 0.051324 *** 3.21 
Stories 0.071515 *** 4.66 0.080762 *** 4.02 0.072304 *** 4.85 0.094864 *** 5.28 
Riverview 0.448088 *** 13.28 0.300721 *** 6.80 0.406106 *** 12.38 0.572972 *** 14.50 
INCOME 0.000147 *** 8.31 0.000185 *** 7.95 0.000117 *** 6.79 0.000108 *** 5.18 
parkdis -3.5E-05 
 
-1.61 1.93E-05 
 
0.68 -3.4E-05 
 
-1.60 -4.8E-05 * -1.88 
highway -1.5E-05 
 
-1.23 -3.2E-05 ** -1.97 -3.3E-05 ** -2.77 2.67E-05 * 1.84 
flood -0.07533 *** -3.76 -0.04868 * -1.86 -0.06062 ** -3.12 -0.0753 *** -3.21 
disshop 1.09E-05 
 
0.67 -3.6E-05 * -1.66 -2.6E-05 
 
-1.63 4.12E-05 ** 2.15 
railway 1.81E-05 
 
1.59 9.95E-06 
 
0.67 7.86E-06 
 
0.71 -1.8E-05 
 
-1.33 
discbd -9.3E-05 *** -14.06 -6.9E-05 *** -8.02 -8.9E-05 *** -13.87 -9.1E-05 *** -11.84 
stdis_elev 2.65E-07 
 
1.03 -3.37E-07 
 
-1.01 
-1.20E-
07 
 
-0.48 4.88E-07 
 
1.63 
D1 0.054956 * 1.79 0.080078 
 
1.99 0.028849 
 
0.97 -0.03197 
 
-0.89 
D2 -0.26379 *** -7.52 -0.2718 *** -5.92 -0.23737 *** -6.96 -0.21296 *** -5.18 
Adj R-squ 0.72 
           F 231.17 *** 
          No of Obs 2345                       
Note: ***,** and * denotes coefficients that are significant at 1,5 and 10 percent levels of significance. 
respectively. 
 
 
 
 
 
 
 
 
 103 
Chapter 5: Who Responds More to Environmental Amenities and Dis-amenities: The Rich or the Poor? 103 
These results therefore have implications for the insurance of properties in flood prone 
areas.  Residents of a high income high property value submarket are in a position to afford 
extra insurance coverage and hence, despite the flood-risk, may be more likely to continue to 
live in the region. However the insurance premium may not be affordable for residents of the 
lower income submarket. The issue of insurance is therefore one which bears further 
investigation including whether the differences in insurance policies between submarkets are 
justifiable and adequate (see, Harrison et al., 2001).  
Quantile regression analysis of DID models also confirms the existence of property 
submarkets. With the release of flood maps the property value for lower valued submarkets is 
decreased while the higher valued properties increase in value. However the second treatment 
(2011 flood) does not show a significant difference across submarkets.  
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Figure 5.1: HP quantile regression (Model 1) 
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Figure 5.2: HP quantile regression (Model 2) 
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Figure 5.3:  DID quantile regression (Model 3) 
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Figure 5.4: DID quantile regression (Model 4) 
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5.4.2 TWO STAGE QUANTILE REGRESSION (2SQR) ANALYSIS 
Following the OLS estimation, spatial dependency was tested using Moran’s I statistics 
and which indicated the presence of spatial interaction. Using Moran’s I and robust LM 
statistics the presence of a spatial lag effect was further confirmed. 2SQR analysis was then 
carried out in which the spatial lag variable was used as an instrument to correct the spatial 
interaction in the property market. The available econometric software does not accommodate 
either large datasets or spatially dispersed datasets when incorporating spatial effects in the 
HP price model (see, for example, Kostov, 2009). Hence, the dataset was clustered into three 
groups as discussed in chapter 4. The first group consisted of 952 observations collected from 
two adjacent suburbs - Chelmer and Graceville. According to census and statistics surveys 
these suburbs have relatively high income residents.   
A summary of 2SQR results are presented in Table 5.5 to 5.7. The spatial coefficient is 
significant for most of τ values, indicating the existence of a spatial lag effect. Of particular 
interest is the degree of variation exhibited by coefficient estimates across the distribution of 
house prices. As house prices increase (when the τ value is increasing) the positive impact of 
most structural variables are increasing. For example in group 1 an increase of one unit of 
bedroom space increases property prices by 5.2% when τ = 0.3 and 8.1% when τ = 0.9.1. A 
similar behavioural variation can be observed for both the number of bathrooms and area.  
The flood variable is significant for most quantiles and has a negative effect on property 
price in group 1. Also evident is that properties in flood-risk areas are discounted compared to 
properties outside flood risk areas. The negative impact is higher for the lower quantile, 
implying that the value of lower valued properties in a flood plain decreases further. The 
estimated coefficients vary across different quantiles therefore confirming the OLS results.  
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Table 5.6: Spatial quantile regression analysis (2SQR)-Group 1 
 
Note: ***,** and * denotes coefficients that are significant at 1,5 and 10 percent levels of significance respectively. 
 
 
0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
Coef.
Bootstr
ap Z Coef.
Bootstra
p Z Coef.
Bootst
rap Z Coef.
Bootstra
p Z Coef.
Bootstr
ap Z Coef.
Bootstra
p Z Coef.
Bootstra
p Z Coef.
Bootstr
ap Z Coef.
Bootstra
p Z
(Interce 3.5264 0.75 4.18858 1.05 6.53195 ** 2.51 7.11163 *** 2.81 8.68811 *** 3.22 9.16764 *** 3.70 8.66090 *** 3.26 5.72307 * 1.86 6.47718 * 1.79
BEDRM -0.0404 -1.07 0.01770 0.69 0.02172 1.23 0.03000 ** 1.85 0.02500 1.56 0.03768 ** 2.29 0.03955 ** 2.71 0.04468 ** 2.08 0.06121 ** 2.12
BATHRM 0.0024 0.05 0.03850 0.94 0.07127 *** 3.02 0.06056 *** 3.13 0.06926 *** 3.39 0.07708 *** 3.77 0.07133 *** 3.34 0.06512 *** 3.04 0.07365 ** 2.74
GARAGE 0.0632 *** 3.09 0.04650 ** 2.52 0.04599 *** 3.84 0.04236 *** 3.32 0.04591 *** 3.82 0.03916 ** 2.63 0.03233 ** 2.20 0.05164 *** 3.49 0.04697 ** 2.47
AREA 0.0005 *** 3.68 0.00044 *** 3.44 0.00032 *** 4.26 0.00028 *** 4.87 0.00028 *** 6.29 0.00023 *** 4.50 0.00031 *** 4.76 0.00031 *** 4.45 0.00024 *** 3.14
HOUSETYP 0.0049 0.20 0.02276 * 1.79 0.03252 *** 3.29 0.02677 *** 3.79 0.02206 ** 2.74 0.02180 ** 2.19 0.02286 ** 2.31 0.03463 *** 3.35 0.01868 1.66
FLOOR_CA 0.0645 1.06 0.01322 0.34 0.03102 0.95 0.02124 0.80 0.02659 1.12 0.03445 1.40 0.00301 0.10 -0.01742 -0.67 -0.01169 -0.37
FLOOR_TI -0.0666 -0.73 -0.05756 -0.57 -0.00107 -0.02 0.02610 0.83 0.03197 1.14 0.02954 1.04 0.01094 0.34 -0.01007 -0.36 -0.01244 -0.33
FLOOR_WO 0.0984 * 1.80 0.07034 ** 2.12 0.05707 ** 1.82 0.05405 ** 2.29 0.04280 * 1.79 0.05088 * 1.92 0.02377 0.83 0.02038 0.78 0.03686 1.09
ROOF_TIL 0.0217 0.43 0.01214 0.32 -0.01321 -0.42 -0.01241 -0.42 0.00183 0.09 -0.00630 -0.28 0.01587 0.70 0.02653 1.00 -0.00949 -0.27
ROOF_ASB 0.0496 1.12 0.07679 * 1.85 0.04145 1.38 0.04689 ** 1.96 0.04277 * 1.84 0.03697 * 1.78 0.04248 * 1.72 0.05554 ** 1.99 0.03285 0.81
WALL_BRI -0.0990 -1.52 -0.02657 -0.62 -0.01501 -0.41 -0.02014 -0.58 -0.03200 -1.03 -0.04046 -1.40 -0.06111 ** -2.05 -0.06391 ** -2.13 -0.01857 -0.51
WALL_WOO -0.0918 -1.51 -0.04569 -1.26 -0.01651 -0.54 -0.02967 -1.08 -0.03995 * -1.76 -0.02607 -1.23 -0.02672 -1.13 0.00181 0.09 0.01968 0.76
Pool 0.0546 0.98 -0.00922 -0.21 0.00455 0.13 0.01433 0.50 0.02420 0.80 0.02985 1.05 0.03976 1.31 0.04074 1.20 0.04585 1.56
Garden 0.0923 *** 2.84 0.08219 *** 3.09 0.07116 *** 3.27 0.05930 *** 2.91 0.06038 *** 4.12 0.06751 *** 3.99 0.07370 *** 4.21 0.04532 ** 2.14 0.03783 * 1.79
INCOME 0.0000 -0.14 0.00003 0.61 0.00002 0.33 -0.00002 -0.37 0.00000 0.01 -0.00005 -1.08 -0.00004 -1.06 -0.00006 -1.13 -0.00009 * -1.67
parkdis 0.0001 0.77 -0.00004 -0.51 -0.00007 -1.17 -0.00009 ** -1.95 -0.00011 ** -2.61 -0.00008 -1.46 -0.00002 -0.46 -0.00005 -0.92 -0.00002 -0.24
highway 0.0000 0.48 0.00002 0.31 0.00002 0.37 0.00004 1.00 0.00006 1.50 0.00006 1.36 0.00005 1.06 0.00004 0.86 0.00002 0.40
flood -0.0145 -0.21 0.01180 0.23 -0.03566 -1.11 -0.02374 -0.74 -0.03151 -0.95 -0.01695 -0.53 -0.00335 -0.11 -0.00630 -0.20 -0.01415 -0.41
disshop 0.0000 -0.66 0.00000 0.06 0.00003 0.50 0.00004 0.95 0.00005 1.08 0.00002 0.54 0.00001 0.36 0.00001 0.32 0.00002 0.40
railway 0.0001 * 1.73 0.00000 0.05 -0.00002 -0.31 -0.00003 -0.75 -0.00002 -0.37 0.00000 -0.08 0.00000 -0.07 0.00000 -0.08 -0.00003 -0.46
discbd -0.0001 -0.82 0.00003 0.56 0.00000 0.01 0.00003 0.72 0.00002 0.52 0.00000 -0.09 -0.00003 -0.67 -0.00002 -0.51 -0.00004 -0.70
D1 0.1423 0.80 0.05947 0.98 0.03290 0.69 0.02747 0.63 0.01665 0.39 -0.00746 -0.19 -0.03255 -0.78 -0.04702 -1.11 -0.05329 -1.22
D2 -0.4856 ** -2.69 -0.35379 *** -4.88 -0.33162 *** -6.17 -0.33521 *** -5.81 -0.29541 *** -4.37 -0.23129 *** -3.86 -0.21667 *** -4.14 -0.18779 *** -4.03 -0.19440 ** -1.95
WY 0.7370 ** 2.05 0.58594 * 1.90 0.43926 ** 2.15 0.38021 * 1.91 0.26630 1.28 0.25961 1.35 0.31906 1.58 0.54080 ** 2.46 0.51045 * 1.91
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Table 5.7: Spatial quantile regression analysis (2SQR)-Group 2 
 
Note: ***,** and * denotes coefficients that are significant at 1,5 and 10 percent levels of significance respectively. 
 
 
0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
Coef.
Bootstr
ap Z Coef.
Bootstra
p Z Coef.
Bootst
rap Z Coef.
Bootstra
p Z Coef.
Bootstr
ap Z Coef.
Bootstra
p Z Coef.
Bootstra
p Z Coef.
Bootstr
ap Z Coef.
Bootstra
p Z
(Interce 2.5655 0.48 5.87895 1.42 7.19552 ** 2.00 5.05402 1.38 4.14127 1.23 6.92525 ** 2.09 5.60597 *** 1.99 5.27555 1.25 9.70230 * 1.75
BEDRM 0.0665 ** 2.41 0.02636 1.35 0.01234 0.65 0.01091 0.61 0.01018 0.56 0.00281 0.15 0.00734 0.43 -0.02076 -0.72 0.00049 0.02
BATHRM -0.0040 -0.14 0.06056 ** 2.50 0.07425 *** 3.64 0.07340 *** 4.01 0.07038 *** 3.07 0.06931 *** 2.92 0.09070 *** 3.60 0.11195 *** 3.64 0.11541 ** 2.48
GARAGE 0.0142 0.70 0.03946 * 1.67 0.03868 ** 2.14 0.03480 ** 1.96 0.04893 *** 2.84 0.03764 * 1.75 0.02625 1.03 0.06324 ** 2.39 0.06002 1.52
AREA 0.0007 *** 4.75 0.00075 *** 7.12 0.00089 *** 10.09 0.00092 *** 11.61 0.00087 *** 8.28 0.00094 *** 8.80 0.00098 *** 8.46 0.00093 *** 6.59 0.00107 *** 6.05
HOUSETYP 0.0456 1.60 0.02905 1.57 0.03003 * 1.76 0.02752 1.42 0.01765 0.87 0.02557 1.11 0.01799 0.79 0.00157 0.06 0.04003 1.34
FLOOR_CA -0.0504 -0.65 0.00824 0.14 0.01479 0.31 0.02426 0.46 0.04563 0.75 -0.00359 -0.05 -0.05276 -0.92 0.02694 0.33 0.07649 0.78
FLOOR_TI 0.0663 0.91 0.04796 0.77 0.05195 0.96 0.04934 0.74 0.09366 1.35 0.08963 1.17 0.03632 0.40 0.12048 1.18 0.02103 0.20
FLOOR_WO -0.0284 -0.41 -0.01240 -0.24 0.03453 0.81 0.05921 1.19 0.06639 1.10 0.05935 0.97 0.02796 0.55 0.06024 0.96 0.08903 1.19
ROOF_TIL 0.0919 1.29 -0.00734 -0.15 0.02175 0.43 0.01401 0.30 -0.01915 -0.38 -0.01825 -0.39 -0.01123 -0.19 -0.00778 -0.10 0.01285 0.14
ROOF_ASB 0.0160 0.29 0.00575 0.10 0.04588 0.81 0.04313 0.79 0.02092 0.38 0.08458 1.29 0.04422 0.63 0.06136 0.77 0.13869 1.33
WALL_BRI 0.2207 1.40 0.19522 * 1.70 0.19622 ** 2.22 0.19896 ** 2.14 0.20314 ** 2.19 0.21276 ** 2.36 0.21889 ** 2.34 0.21829 1.52 0.25114 1.60
WALL_WOO 0.3968 ** 2.53 0.18185 ** 2.07 0.20294 ** 2.75 0.15510 ** 2.43 0.13480 1.66 0.16136 ** 2.35 0.12676 * 1.74 0.11570 0.96 0.14289 0.93
Pool 0.0787 1.22 0.04914 0.83 0.05280 1.11 0.07442 * 1.71 0.10263 ** 2.00 0.12205 ** 2.17 0.14732 ** 2.74 0.18413 ** 2.57 0.12085 1.15
Garden 0.0868 * 1.69 0.07135 1.61 0.07690 ** 2.05 0.07565 ** 2.31 0.09388 ** 2.47 0.07715 ** 2.20 0.08541 ** 2.18 0.08727 1.57 0.03749 0.46
Riview 0.0539 0.49 -0.02035 -0.27 -0.04492 -0.64 0.03884 0.50 0.02789 0.39 -0.00320 -0.04 0.02957 0.23 0.16159 1.00 0.43651 ** 2.29
INCOME 0.0000 0.31 0.00003 0.84 0.00006 1.60 0.00006 1.30 0.00006 1.15 0.00009 ** 2.08 0.00007 1.44 0.00011 ** 2.19 0.00011 * 1.84
parkdis -0.0002 -1.44 0.00000 0.00 0.00000 0.03 0.00003 0.29 0.00003 0.30 0.00011 1.00 0.00011 0.88 0.00016 1.00 0.00027 1.65
highway 0.0000 -0.02 -0.00019 -0.75 -0.00016 -0.69 -0.00004 -0.19 0.00005 0.21 -0.00025 -1.21 -0.00008 -0.37 0.00003 0.10 -0.00029 -0.79
flood -0.0519 -0.61 -0.07046 -1.02 -0.09421 -1.24 0.03648 0.46 0.03442 0.51 0.05111 0.76 0.06823 0.90 0.11004 1.03 0.18776 * 1.84
disshop 0.0004 *** 3.01 0.00022 ** 1.97 0.00016 * 1.88 0.00020 ** 2.79 0.00024 *** 3.60 0.00021 *** 3.19 0.00028 *** 3.68 0.00033 *** 3.02 0.00013 0.86
discbd 0.0004 1.14 0.00050 * 1.73 0.00042 * 1.68 0.00026 1.04 0.00011 0.46 0.00038 * 1.70 0.00021 0.73 0.00004 0.12 0.00034 0.83
D1 0.0835 0.57 0.09844 0.73 0.07603 0.61 -0.08346 -0.72 -0.03927 -0.39 -0.06350 -0.57 0.00504 0.03 -0.09968 -0.47 -0.00432 -0.02
D2 -0.2864 * -1.79 -0.21143 -1.40 -0.20473 -1.40 -0.09342 -0.71 -0.11782 -0.95 -0.05777 -0.36 -0.06947 -0.41 0.03919 0.18 -0.17207 -0.87
WY 0.6264 1.63 0.42880 1.46 0.33993 1.33 0.50240 ** 1.95 0.58252 ** 2.50 0.38571 1.67 0.48651 ** 2.43 0.51929 * 1.74 0.19689 0.51
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Table 5.8: Spatial quantile regression analysis (2SQR)-Group 3 
 
Note: ***,** and * denotes coefficients that are significant at 1,5 and 10 percent levels of significance respectively. 
0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
Coef.
Bootstr
ap Z Coef.
Bootstra
p Z Coef.
Bootst
rap Z Coef.
Bootstra
p Z Coef.
Bootstr
ap Z Coef.
Bootstra
p Z Coef.
Bootstra
p Z Coef.
Bootstr
ap Z Coef.
Bootstra
p Z
(Interce 8.3563 *** 3.07 8.45089 *** 4.74 11.16335 *** 7.03 10.84110 *** 8.18 10.17311 *** 7.96 9.82490 *** 8.30 10.26040 *** 7.31 10.55175 *** 8.10 10.86124 *** 6.33
BEDRM 0.0038 0.15 0.02391 0.95 0.05289 ** 2.43 0.05962 *** 3.32 0.05697 *** 3.59 0.07517 *** 5.07 0.07934 *** 4.96 0.08106 *** 4.62 0.08144 *** 3.51
BATHRM 0.1196 *** 4.48 0.09069 *** 3.48 0.09808 *** 3.93 0.10759 *** 5.53 0.11846 *** 6.74 0.12009 *** 7.06 0.12984 *** 7.49 0.13865 *** 7.81 0.14207 *** 6.18
GARAGE 0.0175 0.72 0.01257 0.65 0.01968 1.18 0.01822 1.24 0.00721 0.59 0.00076 0.07 0.00704 0.51 0.01089 0.79 0.01178 0.83
AREA 0.0004 *** 2.92 0.00046 *** 4.59 0.00047 *** 6.51 0.00051 *** 6.53 0.00054 *** 8.20 0.00053 *** 8.60 0.00057 *** 10.79 0.00056 *** 9.57 0.00053 *** 7.10
HOUSETYP -0.0282 -1.42 0.01451 1.00 0.01560 ** 1.07 0.01803 1.38 0.02953 *** 2.99 0.02552 *** 3.02 0.01835 ** 1.90 0.02502 ** 2.42 0.02084 * 1.71
FLOOR_CA -0.0829 -1.19 -0.02061 -0.36 -0.04561 -1.01 -0.05312 -1.22 -0.05447 -1.26 -0.04684 -1.11 -0.01893 -0.40 0.02747 0.52 0.02632 0.48
FLOOR_TI 0.1936 ** 2.47 0.07563 0.98 0.09084 1.22 0.04375 0.57 0.04373 0.78 0.05515 0.83 0.05193 0.69 0.12460 1.34 0.06375 0.86
FLOOR_WO 0.0451 1.23 -0.00287 -0.09 -0.00270 -0.09 -0.01502 -0.71 -0.00727 -0.42 -0.01257 -0.60 -0.00931 -0.39 -0.00527 -0.30 -0.02366 -1.08
ROOF_TIL 0.0891 1.36 0.06584 1.29 0.03601 0.88 0.02161 0.58 -0.02679 -0.76 -0.02918 -0.90 -0.03934 -1.01 -0.04641 -1.22 0.01283 0.31
ROOF_ASB 0.0975 1.47 0.07843 1.54 0.06854 1.48 0.07487 * 1.83 0.04269 1.25 0.05009 * 1.73 0.01719 0.47 0.00623 0.17 0.05362 1.36
WALL_BRI -0.1377 ** -2.55 -0.05759 -1.20 -0.00588 -0.13 0.02217 0.44 0.00135 0.03 -0.01796 -0.44 0.00253 0.06 -0.00822 -0.20 -0.03890 -0.44
WALL_WOO -0.0606 -1.13 -0.00017 0.00 0.03645 0.85 0.03357 0.67 0.00033 0.01 -0.03849 -0.90 -0.03308 -0.73 -0.00665 -0.18 -0.02339 -0.27
Pool 0.1546 *** 3.09 0.14957 *** 3.97 0.14555 *** 4.10 0.14043 *** 4.86 0.16424 *** 5.90 0.14002 *** 6.18 0.13526 *** 4.57 0.13632 *** 4.23 0.17613 *** 4.52
Garden 0.1124 *** 2.94 0.10768 *** 4.04 0.10975 ** 2.66 0.06163 ** 2.09 0.04392 1.59 0.03829 ** 1.96 0.05308 ** 2.40 0.04497 * 1.78 0.04242 1.56
Riview 0.2113 ** 2.67 0.23636 *** 3.79 0.24002 *** 4.41 0.23562 *** 4.22 0.24766 *** 4.42 0.32007 *** 5.34 0.33720 *** 4.11 0.43809 *** 5.51 0.55750 *** 5.76
INCOME 0.0001 0.87 0.00004 0.89 0.00002 0.56 0.00002 0.45 0.00001 0.20 0.00001 0.48 0.00002 0.78 0.00002 0.52 0.00004 1.06
parkdis -0.0001 -0.42 0.00006 0.49 0.00019 1.65 0.00014 1.03 0.00019 * 1.82 0.00018 * 1.92 0.00008 0.78 0.00002 0.21 0.00007 0.62
highway 0.0000 -0.24 -0.00005 -0.86 -0.00007 * -1.71 -0.00006 -1.41 -0.00005 -1.12 -0.00008 * -1.79 -0.00010 ** -2.14 -0.00011 ** -2.34 -0.00012 -1.58
flood -0.1027 * -1.77 -0.02639 -0.60 -0.02842 -0.75 -0.03799 -0.93 -0.03461 -1.00 -0.00970 -0.33 -0.01338 -0.41 -0.05067 -1.43 0.00711 0.17
disshop 0.0001 0.74 0.00010 1.13 0.00013 ** 2.14 0.00013 ** 1.95 0.00016 ** 2.20 0.00008 1.21 0.00008 1.18 0.00008 0.93 0.00010 0.95
railway 0.0002 1.36 0.00018 * 1.86 0.00009 1.00 0.00010 0.97 0.00007 0.88 0.00010 1.38 0.00015 ** 2.03 0.00022 ** 2.49 0.00019 1.49
discbd 0.0002 1.57 0.00009 *** 1.09 0.00005 0.65 0.00006 0.86 0.00006 0.88 0.00006 0.90 0.00012 ** 2.16 0.00013 ** 1.98 0.00014 ** 2.14
D1 0.1679 ** 2.75 0.12357 ** 2.73 0.09332 *** 2.94 0.06365 * 1.88 0.04256 1.31 0.03957 1.14 0.03420 1.04 0.01821 0.45 -0.01909 -0.35
D2 -0.2321 *** -3.75 -0.27605 -5.92 -0.26796 *** -7.33 -0.24223 *** -6.68 -0.24276 *** -6.39 -0.24484 *** -6.36 -0.26330 *** -6.87 -0.24173 *** -6.47 -0.24849 *** -4.26
WY 0.2022 1.10 0.24179 * 1.81 0.06185 0.52 0.08275 0.88 0.12759 1.35 0.17191 ** 1.89 0.11224 1.09 0.08921 0.98 0.06391 0.52
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5.5 CONCLUSION 
There is a growing concern about the impact of floods on property values. 
While a number of existing studies estimate the price effect of flood risk they 
generally do not consider price variation across different submarkets. This is an 
important gap in the literature given the heterogeneity of property markets. The main 
objective of this study is therefore to examine the behaviour of different submarkets 
in terms of environmental amenities and dis-amenities and is motivated by the 
different coefficient estimates of existing HP studies. 
HP price analysis results vary depending on the study location. For example, 
one of the most important determinants in HP analysis, “number of bedrooms” does 
not show a consistent impact on property values (Sirmans et al., 2005). In his 
analysis which reviews 40 studies, only 21 showed the expected sign and 
significance impact. In addition distance to the CBD displayed both positive and 
negative results. The inconsistency of such results confirms that HP price analysis 
studies are specific to the selected research area and property submarkets. This 
equally indicates the validity of estimating HP price functions for submarkets. 
Traditional mean based regression analysis tends to be biased for outliers whereas 
the quantile regression approach reduces the effect of outliers. Thus the mean price 
of properties does not generally represent a typical house given high priced 
properties result in an asymmetric distribution. 
It is assumed the existence of property submarkets is based on property values. 
Buyers and sellers of high valued properties were considered as members of the 
high-income group whereas buyers and sellers of low value properties were 
considered as members of low-income submarkets. Members of the low-income 
category typically have limited access to bank loans and hence tend to consider only 
affordable low quality properties with fewer desired amenities. Since those in the 
high income category can better access financial resources they tend to buy higher 
valued properties (Ziets et al., 2008). Therefore, the market property value is 
considered to be a valid criterion for identifying property submarket behaviour. As 
well, the results of this study reconfirm the useful outcomes which can be derived 
from submarket analysis based on property market price.  
The impacts of treatment effects across different property groups were 
observed (Figure 5.2 and 5.3).  Indicated was that property values decrease in higher 
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quantiles in response to the first treatment effect.  On average the second treatment 
(2011 flood) produced a decrease in property prices of lower quantiles (up to τ=0.2), 
compared to higher quantiles.  An important conclusion is, consequently, that the 
negative effect of floods is higher for low income groups (low valued properties).  
In its methodology this study can therefore be clearly differentiated from 
existing flood assessment studies. That is, firstly the results are discussed across 
different submarkets and secondly a DID estimation is extended to observe the 
treatment effect across different submarkets.  In terms of policy implications the 
results of this study have clear implications for implementing better calibrated 
insurance and flood mitigation programmes as they relate to higher income and 
lower income property submarkets.  
Chapter five examined the impact of the release of flood-risk related 
information and the 2011 flood on property values and the analysis was extended for 
examine submarket behaviours. The results showed that the negative effect of the 
flood may have affected both property buyers and sellers behaviour and poses the 
question as to whether it creates any inefficiency in the property market. The next 
chapter discusses the behaviour of the property market in terms of buyers and sellers. 
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Chapter 6: Floods and Property Market 
Inefficiency: Two-tiered 
Stochastic Frontier Approach 
The property market plays an important role in any economy, leading many 
researchers to pay particular attention to the various facets of its behaviour. Such 
facets include buyers’ and sellers’ behaviour in relation to pricing, and issues 
regarding real estate agents and insurance markets. The market price is decided by 
the interaction of buyers’ bids and sellers’ offer prices, where both buyers and sellers 
optimise their objectives. If a market is functioning well, both parties will benefit 
which creates market efficiency. According to past literature, the property market 
does not appear to be performing perfectly (see, for example, Kamakura et al., 1988). 
A particularly important research area is therefore evident which addresses whether 
the property market is operating efficiently, particularly in view of environmental 
constraints.   
The next section of this chapter (section 6.1) provides background on property 
market efficiency. Section 6.2 contains a literature review of property market 
efficiency and related methodological approaches. The econometric approach to 
investigating property market efficiency is discussed in section 6.3 followed by 
discussion of the application of the methodology to the Brisbane property market 
transaction data (section 6.4). A conclusion from the results is provided in section 
6.5.  
 
6.1 BACKGROUND 
The concept of market inefficiency in relation to heterogeneous products is 
widely recognised in the marketing literature. It can be expressed as a weak price-
quality relationship or a significant price dispersion (see, for example, Ratchford et 
al., 1996; Kamakura et al., 1988). Some researchers have defined it as consumption 
efficiency for heterogeneous products in the market (see, for example, Lee et al., 
2008). Since the property market is heterogeneous, its behaviour too can be 
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discussed in terms of the price-quality relationship or price dispersion. Barkham & 
Geltner (1996) used a price discovery approach to understand property market 
efficiency whereas Pollakowski & Ray (1997) use a time series technique to examine 
housing market efficiency. Hjalmarsson & Hjalmarsson (2009) examined the 
efficiency of the housing market in relation to housing prices and rent. From the 
various methodologies adopted for studying market efficiency, this study uses a two-
tiered stochastic HP frontier approach. The following section summarise the link 
between the two-tiered stochastic frontier model and HP theory. 
HP literature has typically discussed the determinants of market in terms of a 
clearance price for the property market. However, it has been shown that the same 
quality properties may not attain the same market price given the prices within the 
property market are dispersed. Various factors that cause property market 
inefficiency or imperfection have been investigated, including the time on the 
market, buyers' and sellers’ bargaining powers, agents’ influence and information 
asymmetry (see, for example, Kumbhakar & Parmeter, 2010; Colwell & Munneke, 
2006; Kalita et al., 2004; Huang & Palmquist, 2001). Market inefficiency for 
heterogeneous products can also depend on buyers’ and sellers’ characteristics (see, 
for example, Lee et al., 2008) or ignorance of property or environmental 
characteristics. For example, air pollution or natural hazards may be ignored when 
valuing properties if information are asymmetric. With all of these factors the 
bargaining power of sellers and buyers may differ, therefore influencing market 
clearance prices. For example, the property market does not explicitly reveal the bids 
for properties in flood risk locations, but rather the interaction between bid and offer 
if the market is not functioning well. Importantly the indirect risk of natural hazards, 
such as flooding, may create asymmetric information leading to market inefficiency 
through influencing buyer/seller bargaining power. This chapter examines, in 
particular, the market inefficiency (price dispersion) and flood risk nexus based on 
Brisbane’s 2011 flood. It is suggested this methodology can be extended to examine 
other environmental amenities and dis-amenities and market behaviour. 
An inefficient property market can lead to distorted price signalling (clearance 
price), where both property sellers and buyers may reduce their welfare. If buyers 
pay a higher price for lower quality (for example, at risk property) the buyer fares 
poorly, and conversely if the transaction results in a lower price for a comparatively 
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high quality property, the seller fares poorly (Akerlof, 1970). It can therefore lead to 
inefficient investment. Consequently knowledge of market efficiency is important for 
accurate real estate value appraisals, and the identification of the causes of market 
inefficiency is important for implementing corrective measures. Although many 
researchers have investigated market efficiency, studies relating to heterogeneous 
goods like property are uncommon. The next section explores previous studies that 
attempt to investigate efficiency of the property market and related, similar non-
homogenous, products. 
 
6.2 LITERATURE REVIEW 
The HP approach in market analysis 
In addition to the use of the HP approach to examine the impact of natural 
disasters on property values, researchers - especially those in the marketing field - 
have used it to examine the characteristics of product markets (see, for example, 
Rigall-I-Torrent & Fluvia, 2010; Dewenter et al., 2007). Recent studies have also 
extended the HP model to examine the efficiency of submarkets or different brands. 
For example, Tronstad et al. (1992) employed the HP model to analyse the apple 
industry; Chen & Rothchild (2010) analysed hotel rooms, and Karipidis et al. (2005) 
examined the price difference of eggs and marketing aspects. These studies 
examined the price-quality relationship, and all were similar to property price 
analysis due to their heterogeneous nature. 
 
An imperfect market and the HP approach 
The HP theory was developed for analysis of a competitive market and it is 
useful to rethink its basic assumptions. Traditional HP analysis assumes that both the 
buyer and seller are well informed without any information asymmetry. When there 
is information asymmetry, buyers and sellers are not likely to maximise their utility 
as search costs should also be included within the budget constraints. In such a 
situation, the basic assumptions are violated and the error term is more complicated 
(Parmeter & Pope, 2013). If both the buyer and seller are well informed, the market 
behaviour may be efficient but more often whether both are well informed about the 
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market and possible environmental amenities and dis-amenities is questionable. 
Moreover, buyers and sellers may value environmental characteristics differently. In 
such a situation, the market clearance price can reflects a biased interaction between 
buyers and sellers. 
In a product market, consumers (buyers) may wish to have a greater bundle of 
qualities for a lesser price. Similarly, sellers may wish to achieve a higher price for 
that bundle of characteristics. This is known in the literature as the buyer’s and 
seller’s reservation price, respectively. According to Rosen (1974) it is known as the 
buyer’s bid function and seller’s bid function. In HP analysis the interaction of a 
buyer’s and seller’s reservation price is estimated. However, the buyer’s and seller’s 
reservation prices are unobserved, resulting in different econometric procedures 
being proposed for econometric estimation of reservation prices. 
 
Estimation of offer and bid function 
Fisher et al. (2007) used Heckman’s two-stage estimates for estimating a 
buyer’s and seller’s reservation price. The well-known production frontier approach 
and data envelopment analysis (DEA) have been extended to estimate the bid 
function (Kamakura et al., 1988). Huang & Palmquist (2001) have specified a 
stochastic form of the HP model to estimate a seller’s reservation price.  In a 
subsequent study a geographically weighted stochastic frontier model was used to 
estimate property market imperfection (see, Samaha & Kamakura, 2008). Most of 
these studies have looked at either buyers’ or sellers’ inefficiency. Lins et al., (2005) 
proposed double-perspective data envelopment analysis to estimate bid and offer 
functions, while Mouchart & Vandresse (2010) extended the model to a double-
frontier approach. Recently, Kumbhakar & Parmeter (2010) adopted a two-tiered 
stochastic frontier originally proposed by Polachek & Yoon (1987 and 1996) for 
analysing labour market inefficiency. However, most of these methodologies were 
developed based on a standard stochastic frontier analysis or DEA method. 
Stochastic frontier analysis and DEA methods were originally developed for 
production technologies. This analyses the relationship between inputs and outputs, 
where the least combination of inputs to achieve a certain set of outputs, or a certain 
set of inputs to achieve maximum outputs, is considered as efficient. Among the 
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extensive body of literature, Kumbhakar & Lovell (2000) and Coelli et al. (1998) 
provide a thorough explanation of the theoretical background of parametric and non-
parametric approaches of efficiency analysis and their applications. The 
methodology has also been widely used in many areas of economics and marketing. 
In addition a number of empirical studies have used it for investigating marketing 
aspects of non-homogeneous products and market inefficiency (see, for example, 
Kamakura & Moon, 2009; Guntermann & Smith, 1987).  
Kamakura et al. (1988) employed DEA analysis to compare different brands in 
the market and assess consumers’ welfare loss. Kalita (1994) estimated market 
efficiency through the price-quality relationship. The intervention of consultants in 
the timber stumpage market was investigated using a stochastic frontier approach of 
the HP model (Munn & Palmquist, 1997). A similar technique was employed by 
Kamakura & Moon (2009) in investigating the efficiency of the mobile phone 
market. The paper argued that the price of mobile phones is dependent on qualities 
similar to those of the property market. 
With respect to the property market, Lins et al. (2005) proposed a double 
perspective data envelopment analysis approach to estimate buyers’ and sellers’ 
reservation price. The theory is discussed under the DEA framework for the real 
estate market. Mouchart & Vandresse (2010) then extended the methodology to the 
double frontier approach. Thus in both papers supply and demand bid functions have 
been estimated under the stochastic frontier approach. Both papers also examined 
market imperfection which were defined as the difference between buyers’ and 
sellers’ reservation price. 
 
Two-tiered stochastic frontier  
Kumbhakar & Parmeter (2010) estimated buyers’ and sellers’ bid functions 
using a two-tiered stochastic HP function. They argued that persistent price 
dispersion in the property market was due to incomplete information. Hence, the 
effect of incomplete information was incorporated in the HP analysis. Also using a 
two-tiered stochastic frontier approach, buyers’ maximum willingness to pay and 
sellers’ minimum willingness to accept have been explored.  
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The use of a two-tiered stochastic frontier approach in HP analysis is rare but it 
has been applied to other areas after being introduced by Polachek & Yoon (1987 
and 1996).  They employed (1987) a two-tiered earning frontier to capture employer 
and employee ignorance in determining wage rates. A non-linear maximum 
likelihood procedure was adopted to estimate the coefficients, and the error term was 
decomposed into three parts. One part was random, and the other two parts were 
based on ignorance of the employer and employee where one component was 
positive and the other was negative. The same authors (1996) estimated a two-tiered 
frontier for panel data to improve the quality of the results. Recently, Tsionas (2012) 
discussed the gamma distribution of the error term in a two-tiered stochastic frontier 
estimation and Papadopoulos (2014) presented a half-normal specification of a two-
tiered stochastic frontier. The handful of literature regarding the two-tiered stochastic 
frontier approach is dispersed across different areas including the labour market, 
health sector and property market. Groot & Oosterbeek (1994) estimated employer 
and employee ignorance in decision making the results reflecting individual 
characteristics. Kumbhakar & Parmeter (2009) estimated the wage dispersion and 
productivity nexus adopting a two-tiered stochastic frontier approach. In a recent 
study, Tomini et al. (2012) investigated the impact of imperfect information on 
informal payment within the health sector using a two-tiered stochastic frontier 
approach to estimate medical staff’s and patient’s willingness to pay. Overbidding 
and under-biding behaviour was analysed using the same approach with timber 
auction data (Ferona & Tsionas, 2012). 
 
Causes of market imperfection  
Kumbhakar & Parmeter (2010) further extended HP theory through 
investigating information imperfection in the property market and which appears to 
be the only paper to do so using the two-tiered application. They found that both 
buyers and sellers were affected by incomplete information. As with the lack of 
availability of perfect information, market power also influences the market 
clearance price. The assumption of perfect market completion in traditional HP 
analysis is violated if market power is vested in one party, either the seller or buyer. 
Harding et al. (2003 a & b) observed that market power was an important 
determinant of clearance price and that it was correlated with buyers’ and sellers’ 
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personal characteristics. Cotteleer et al. (2008) defined market power in terms of the 
number of buyers and sellers in the market. They found that market power was an 
important market clearance price determinant of the land market. 
Huang & Palmquist (2001) used stochastic specification of the HP model to 
investigate the efficiency of markets. Similarly, Samaha & Kamakura (2008) studied 
the problem of sellers, buyers and real estate appraisers in determining house prices 
by adopting a geographically-weighted stochastic frontier model to estimate buyers’ 
and sellers’ reservation prices. A number of researchers have suggested that 
overpriced listings are one of the major contributors to time on the market (see, for 
example, Knight, 2002). Similarly, information asymmetry and risk factors are 
determinants of time on the market. 
However, many of the studies on property market efficiency have not 
examined the causes of inefficiencies, and most have not specified the inefficiency 
separately in terms of buyers and sellers. The following methodology therefore 
attempts to investigate property market inefficiency in relation to buyers and sellers, 
and its causes with a particular focus on risk arising from natural hazards. 
 
6.3 METHODOLOGY 
6.3.1 THEORETICAL BACKGROUND 
One of the objectives of this study is to analyse market (sales) inefficiency 
across the different property stakeholders. For empirical investigation, the two well-
known methodologies of HP price analysis and stochastic frontier analysis were 
combined. In addition market imperfection was identified through the determinants 
of the market clearance price. 
When the market is efficient, both consumers (buyers) and producers (sellers) 
are likely to simultaneously benefit. However, due to a number of factors, such as a 
lack of sufficient information, buyers’ and sellers’ market power, difficulties in 
observing buyers’ (or sellers’) maximum (or minimum) willingness to pay (or 
willingness to accept), an optimal price cannot be set in the market. If products are 
homogeneous, buyers and sellers can directly compare prices. However, due to the 
property market’s heterogeneity, both price (yi) and characteristics/quality (zi) should 
be considered (for ith observation). Therefore, price and characteristics/quality 
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exogenously determine the demand for property. On the other hand, 
characteristics/qualities are the determinants of both demand and (housing) supply. 
The market clearance price is therefore a result in part of interaction between sellers 
and buyers for the price, characteristics and other factors. However, the market 
clearance price is influenced by numerous other factors, such as a buyer’s and 
seller’s bargaining power, the influence of real estate agents, information asymmetry, 
property characteristics and spatial characteristics. Buyers and sellers are sometimes 
ignorant of environmental amenities (for example, availability of green areas) and 
dis-amenities (for example, flood risk), which can also create market inefficiency. 
Depending on the price-quality relationship and buyer-seller interaction, the 
product (the property market in this study) can be divided into four categories of the 
price-quality relationship: 
 
a. Higher price-higher quality 
b. Lower price-lower quality 
c. Higher price-lower quality 
d. Lower price-higher quality 
 
 
 
 
 
 
Figure 6.1: Four product categories in the market 
 
 
In terms of the price-quality relationship for a heterogeneous product, the first 
two scenarios (a and b) can be considered efficient while the last two (c and d) can be 
considered are inefficient (Figure 6.1). If consumers pay a higher price for a low-
quality product, the seller takes the advantage. This situation is probably due to 
asymmetric information, ignorance or market power. For example, if the 
a 
d b 
c Price 
Quality 
Market equilibrium 
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heterogeneous product is a house, the seller is likely to be more aware of the 
associated risk (flood risk) and other structural, neighbourhood and socioeconomic 
factors than potential buyers since sellers have greater experience. Moreover, the 
seller also does not necessarily disclose all relevant information, resulting in the 
seller having greater bargaining power than the buyer. A further scenario, low price-
higher quality, can occur where the buyer has higher bargaining power than the 
seller. According to Cotteleer et al. (2008), this is possible if there are few buyers in 
the market. 
The property market, particularly in this study, can be categorised as having 
bad (poor quality) properties and good (high quality) properties based on individual 
characteristics and environmental factors.  In this situation buyers and sellers may 
not interact in an efficient way. It is evident that the clearance price is not likely to 
reflect the seller’s actual lowest willingness to accept or the buyer’s maximum 
willingness to pay (see Figure 6.2). The price point at which a seller's willingness to 
accept is lowest is known as the seller’s reservation price (Ps(z)). Similarly, a buyer’s 
maximum willingness to pay is termed the buyer’s reservation price (Pb(z)). 
Mouchart & Vandresse (2010) used different term as the sellers’ and buyers’ bids 
respectively. In an imperfect market, the equilibrium price does not represent the 
actual buyers’ and sellers’ maximum and minimum valuation. The market clearance 
price, therefore, is higher than a seller’s reservation price and lower than a buyer’s 
reservation price (Samaha & Kamakura, 2008). Following Kumbakar & Parmeter 
(2010), the equilibrium situation is illustrated in Figure 6.3. Scenario A represents a 
situation where sellers are more inefficient, B represents an efficient situation and C 
represents a situation where buyers are more inefficient. The difference between the 
market clearance price and reservation price can be defined as market inefficiency.  
The market clearance price P(z) can be best explained using an HP price 
function as follows: 
 
𝑃(𝑧) = 𝑖(𝑧) + 𝑣                        Eq. 6.1 
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where, z is the vector of characteristics and v is the random component. If both 
sellers and buyers are competitive, the market clearance price is efficient. From a 
buyer’s point of view, if buyers are inefficient: 
 Pb(z) = P(z) + w                        Eq. 6.2 
 
where, w is buyers’ inefficiency and from a seller’s point of view. If sellers are 
inefficient, their minimum willingness to accept is: 
 Ps(z) = P(z) − u                        Eq. 6.3 
 
where, u is the seller’s inefficiency. Combining Equations 6.2 and 6.3 Pb(z) − w = P(z) =  Ps(z) + u                        Eq. 6.4 
 
Rearranging  Equation 7.4 Pb(z) + u = P(z) − w + u =  Ps(z) − w                        Eq. 6.5 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.2: HP price equilibrium and buyers’ and sellers’ reservation price 
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Figure 6.3: Hedonic equilibrium and market inefficiency 
 
Although the market clearance price is observable, reservation prices are not. It 
is therefore important to discuss the econometric estimation of reservation prices. As 
discussed in the literature (see, for example, Kumbhakar & Parmeter, 2010; Huang & 
Palmquist, 2001), the seller’s reservation price is the lower bound of the observed 
price (transaction price) and the buyer’s reservation price is the upper bound of the 
observed price. In order to estimate these parameters, Equation 6.5 is rearranged as 
follows; 
The left and right hand sides of this equation represent sellers’ and buyers’ 
behaviour. On the other hand, the interaction of sellers’ and buyers’ behaviour is the 
hedonic price. The equation can then be rearranged as follows: 
𝑖(𝑧) + 𝑣 = 𝑃(𝑧) − 𝑤 + 𝑐                        Eq. 6.6 
 
𝑃(𝑧) = 𝑖(𝑧) + 𝑣 + 𝑤 − 𝑐                      Eq. 6.7 
 
This equation is comparable to a standard stochastic frontier where the error 
term is decomposed into two, where u normally represents the error term. 
Inefficiency can then be defined in terms of a firm’s characteristics. In this situation, 
Price 
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equilibrium 
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B-Market 
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A-Inefficient 
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the error term is decomposed into three components and w and u represent buyers’ 
and sellers’ inefficiency.  
Market inefficiency/ imperfection can also be discussed from a seller’s point of 
view. Different sellers’ reservation prices relating to similar kinds of properties vary, 
and according to Glower et al. (1998), variations are attributed to random seller 
errors. The difference between a buyer’s maximum acceptable price (reservation 
price) and actual transaction price can be deemed as the buyers’ market inefficiency 
and which is depends on buyers’ characteristics. This study argues that buyer or 
seller inefficiency is also due to ignorance of environmental amenities and dis-
amenities in addition to individual characteristics. The next challenge is therefore to 
decompose the error term into three components.  
 
6.3.2 TWO-TIERED FRONTIER ANALYSIS 
For this estimation, the two-tiered stochastic frontier model developed by 
Polachek & Yoon (1987) is adopted. Similar to standard stochastic frontier analysis, 
the maximum likelihood (ML) method is adopted for estimation of the above 
proposed equation. In ML estimation, the following assumptions in terms of error 
terms (v, u and w) are made. The error component v is normally distributed with zero 
mean and 𝜎𝑣2 and –u and w follow exponential distribution.  
𝑣~𝑖. 𝑖. 𝑑.𝑁(0,𝜎𝑣2) 
𝑐~𝑖. 𝑖.𝑑.𝑅𝑥𝑝(𝜎𝑢,𝜎𝑢2) 
𝑤~𝑖. 𝑖. 𝑑.𝑅𝑥𝑝(𝜎𝑤,𝜎𝑤2) 
If the error term is expressed as: 
𝜀𝑖 = 𝑣𝑖 + 𝑤𝑖 − 𝑐𝑖                                  Eq. 6.8 
 
then, the probability distribution function (PDF) for composite error term, εi 
can be written as:  
𝑖(𝜀𝑖) = 𝑑𝑥𝑝{𝛼𝑖}𝜎𝑢+𝜎𝑤 ∅(𝛽𝑖) + 𝑑𝑥𝑝{𝑎𝑖}𝜎𝑢+𝜎𝑤 ∅(𝑏𝑖)                              Eq. 6.9 
 
where,  
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𝑑𝑖 = 𝜎𝑣22𝜎𝑤2 − 𝜀𝑖𝜎𝑤 
𝑏𝑖 = 𝜀𝑖𝜎𝑣 − 𝜎𝑣𝜎𝑤 
𝛼𝑖 = 𝜀𝑖𝜎𝑢 + 𝜎𝑣22𝜎𝑢2 
𝛽𝑖 = −�𝜀𝑖𝜎𝑣 + 𝜎𝑣𝜎𝑢� 
 
and where ∅(. ) is the distribution function and n is the number of observations.             
Then, the likelihood function for a sample with n observations is: 
 
∏ 𝑖(𝜀𝑖)𝑖𝑖=1                                 Eq. 6.10 
 
The log likelihood function for a sample of n observations is: 
 
𝑙𝑐𝐸(𝑥;𝜃) = −𝑐𝑙𝑐(𝜎𝑢 + 𝜎𝑤) + ∑ 𝑙𝑐[𝑒𝛼𝑖∅(𝛽𝑖) + 𝑒𝑎𝑖∅(𝑏𝑖)]𝑖𝑖=1                Eq. 6.11 
 
 
By minimising the log likelihood function all parameters (θ) can be estimated.  
where,  θ = (δ, σv, σu, σw) 
 
6.3.3 BUYERS’ AND SELLERS’ PRICE EFFICIENCY 
The main objective of this analysis is to estimate buyer’s and seller’s price 
efficiency with respect to the observed market price. Buyer’s efficiency (Eb) can be 
expressed as a ratio of the seller’s lowest WTA to the observed market price whereas 
the seller’s price efficiency (Es) is the ratio of observed market price to the buyer’s 
highest WTP. The Eb and Es are therefore as follows: 
𝑅𝑏 = 𝜆𝑊𝑊𝑖 𝑃(𝑧)𝑖⁄ = 𝑒𝑥𝑝{−𝑤𝑖}                        Eq. 6.12 
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𝑅𝑠 = 𝑃(𝑧)𝑖 𝜆𝑊𝑃𝑖⁄ = 𝑒𝑥𝑝{−𝑐𝑖}                        Eq. 6.13 
 
 
The Eb and Es can be calculated based on the above log likelihood estimation. 
The terms, wi and ui are components of the composite error term, ε. The conditional 
distribution of wi and ui can be expressed as: 
 
𝑖 (𝑐𝑖 𝜀𝑖⁄ ) = 𝜆𝑑𝑥𝑝{−𝜆𝑢𝑖}ф(𝑢𝑖 𝜎𝑣+𝑏𝑖⁄ )𝜒1𝑖                         Eq. 6.14 
 
𝑖 (𝑤𝑖 𝜀𝑖⁄ ) = 𝜆𝑑𝑥𝑝{−𝜆𝑤𝑖}ф(𝑤𝑖 𝜎𝑣+𝛽𝑖⁄ )𝜒2𝑖                         Eq. 6.15 
 
where 
𝜆 = 1
𝜎𝑢
+ 1
𝜎𝑤
, 
χ1𝑖 = 𝜙(𝑏𝑖) + 𝑒𝑥𝑝{𝛼𝑖 − 𝑑𝑖}𝜙(𝛽𝑖), and 
 
χ2𝑖 = 𝜙(𝛽𝑖) + 𝑒𝑥𝑝{𝑑𝑖 − 𝛼𝑖}𝜙(𝑏𝑖) = 𝑒𝑥𝑝{𝑑𝑖 − 𝛼𝑖}χ1𝑖 
 
The following formula can be used to derive the conditional expectations of wi 
and ui: 
𝑅 (𝑐𝑖 𝜀𝑖⁄ ) =  1𝜆 + 𝑑𝑥𝑝{𝛼𝑖−𝑎𝑖}𝜎𝑣[𝜙(−𝛽𝑖)+𝛽𝑖𝜙(𝛽𝑖)]𝜒1𝑖                         Eq. 6.16 
 
𝑅 (𝑐𝑖 𝜀𝑖⁄ ) =  1𝜆 + 𝜎𝑣[𝜙(−𝑏𝑖)+𝑏𝑖𝜙(𝑏𝑖)]𝜒1𝑖                                         Eq. 6.17 
 
Based on the above formulas, buyer’s and seller’s efficiency can be estimated.  
 
6.3.4 EMPIRICAL APPROACH 
A number of studies have provided evidence for the inconsistency of HP price 
analysis results and variable selection (see, for reviewed paper, Sirmans et al., 2005). 
As previously discussed, a property can be defined as a collection of its own 
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structural characteristics. For instance, valuation of a property value is based on the 
number of bedrooms, bathrooms, floor area, structural material, and other adjacent 
structures, such as a swimming pool.  As Palmquist (1991) points out, these are basic 
determinants of property value, and environmental variables play a secondary role, 
given it is assumed that property prices are basically determined by structural 
characteristics and other attachments such as swimming pool. The indirect factors 
affecting the property market may be causes of property price inefficiency given 
these factors can generate asymmetric information between the buyer and seller. For 
instance, flood risk cannot be measured directly. However, it is likely that the seller 
knows the actual risk and buyers predict it with available information. The main 
objective of this chapter is then to estimate buyer’s and seller’s inefficiency in the 
property market. 
 
6.4 RESULTS AND DISCUSSION 
The application of the described methodology is demonstrated using a selected 
dataset. From the group 1 dataset, a sample of 880 data was used for this analysis 
after removing missing data. All variables except dummies were converted to natural 
logarithms. As a first step OLS regression was executed and the results displayed in 
the second column of Table 6.1.  
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Table 6.1: OLS and 2-tier estimation results  
  OLS     two-tier 
  Estimate t value   Estimate 
Constant 6.233 11.474 *** 7.64891 
BEDRM 0.04095 2.619 ** 0.815508 
BATHRM 0.111 6.727 *** 0.773813 
GARAGE 0.007877 0.603 
 
2.13235 
AREA 0.471 14.591 *** 0.650595 
FLOOR_CARP -0.02251 -0.675 
 
0.131939 
FLOOR_TILE 0.06651 1.225 
 
0.337281 
FLOOR_WOOD -4.6E-05 -0.002 
 
0.323192 
WALL_BRICK -0.02384 -0.555 
 
0.238123 
WALL_WOOD -0.02513 -0.571 
 
0.547633 
STORIES 0.1036 3.911 *** 0.337087 
POOL 0.1301 5.065 *** 2.64322 
INCOME 0.1721 2.55 * 2.16893 
HOUSETYPE 0.01755 1.764 . 2.00293 
railway 0.003426 0.231 
 
2.39019 
disshop 0.315 5.823 *** 2.31101 
parkdis 0.07361 2.866 ** 4.36642 
elevdis -0.02953 -1.602 
 
0.198183 
BndAFLD -0.1091 -4.985 *** 0.057792 
River view 0.3022 6.211 *** 0.568567 
flood -0.113 -4.391 *** -0.62199 
sigv 
   
0.549523 
sigu 
   
0.738478 
sigw       1.268448 
 
 
The two-tier stochastic frontier estimations are presented in Table 6.1. From an 
unknown variance 78% is due to buyers and sellers inefficiency, of which buyers are 
shown to be more inefficient than sellers. The causes of inefficiency are then 
estimated in the second equation. Only flood related variables are considered for this 
purpose. According to the inefficiency estimations a property in a flood zone (flood 
variable) is one of the major courses of inefficiency. However, the dummy variable 
used before and after the flood (BndAFLD) was only significant for buyers. It can 
therefore be concluded that buyers were more inefficient after the 2011 Brisbane 
flood. 
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Table 6.2: Inefficiency between buyers and sellers 
  u     w     
  Estimate t value   Estimate t value   
Constant 147.7300 348.6010 *** 0.500681 3882.271 *** 
BndAFLD -0.3626 -0.5430 
 
-0.10761 -525.751 *** 
River.view 1.4243 1.2580 
 
-0.00092 -2.635 ** 
flood -5.7052 -9.3150 *** -0.17237 -923.207 *** 
 
6.5 CONCLUSION 
Inefficient markets results in a loss to both consumer and producer welfare and 
hence there is a growing concern about market efficiency of a heterogeneous 
product. While this property market inefficiency has been discussed extensively in 
the literature most studies have been limited to a discussion of either consumer or 
producer inefficiency. Thus while the seller’s inefficiency has been widely discussed 
in terms of the number of days in the market only a few studies have examined both 
buyer’s and seller’s inefficiency simultaneously (see, for example, Kumhakar & 
Parmeter, 2010).  
The review of the literature indicates that Kumbhakar & Parmeter (2010) were 
the first to have applied the two-tier stochastic frontier for HP analysis. Their 
findings are consistent with the assumption that the two-tier stochastic frontier 
estimation is appropriate for examining market efficiency in terms of buys and 
sellers.  
According to the results of the present study, the property market is not 
functioning efficiently. This is mainly due to information asymmetry, given buyers 
and sellers bargaining power and the environmental and socio economic 
characteristics associated with a property. Moreover, while in this study the 
inefficiency in terms of environmental uncertainty is the focus, market inefficiency 
can also be associated with information asymmetry. For instance, flood information 
related to its actual impact creates asymmetric information between buyers and 
sellers. In the context of this study, buyers were found to be more inefficient than 
sellers. However, it is noted that flood can create inefficiency in availability of 
information for both buyers and sellers.  
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Chapter 7: Semi-Parametric Estimation of 
Hedonic Property Prices: 
Comparison of Flood-Affected 
and Non-affected Suburbs 
This chapter consists of two main sections. The first part compares flood-
affected with non-affected suburbs by investigating the nonlinearity effect of time on 
property values using semi-parametric regression techniques. The nonlinearity effect 
of distance from the river on property values is then analysed. The semi-parametric 
HP function is subsequently specified as an alternative method of identifying flood 
risks and its spatial and temporal variations.  In the final part of the first section, the 
study compares the behaviour of the property market in different suburbs. The 
remainder of the chapter is structured as follows: the next section provides brief 
background information to the specific objectives of this chapter. Section 7.2 reviews 
the relevant literature on the semi-parametric estimation of the HP function followed 
by a discussion of the non-parametric estimation method (Section 7.3). Section 7.4 
provides the results of the empirical analysis and the chapter is concluded in Section 
7.5.  
 
7.1 BACKGROUND  
Chapter four discussed the impact of flood on the property market and the 
discounting which is applied to flood affected properties. When a particular suburb is 
under risk, one explanation for this discounting is that risk-averse people move away 
from flood-risk areas to risk-free areas, while risk-lovers continue to stay. It was 
hypothesised that the demand for properties in risk-areas further declined in property 
value while the demand for properties in risk-free areas rose with increasing demand 
for properties. However, if the flood-risks for other amenities are compensated for 
(such as availability of recreational places, transport, or less crime) the migration 
may be minimised and the property market recover faster. Also, it is possible that 
people who reside in flood-affected areas will resist moving to other risk-free suburb 
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because they are influenced by factors, such as familiarity of the suburb, future risk 
discounting (for example the view that floods are only once in a life-time event), 
inability to obtain a second mortgage or sell the affected property at the sellers 
asking price, proximity to work places, schools, relations and friends. Given these 
constraints it is assumed risk-averse people move to risk-free closer suburbs than to 
those faraway. It is also hypothesised that property prices in adjacent, flood-free 
suburbs increase after the flood event across the region. The hypothesis is tested by 
examining the property price movement of flood affected and non-affected suburbs.  
The negative impact of natural hazards is likely to fade off with time after the 
incidence (see, for example, Lamond, 2008). However, research shows that the 
effects are not constant over time, especially given the impact of other particular 
factors including consecutive hazard events. Regions with more amenities are likely 
to recover faster in spite of flood risks than regions with low amenities. In order to 
test these hypotheses, data was collected for the period, 2006 to 2013 during which 
time flood-risk information was made available (2009) to the public, and during 
which a major flood (2011) and a minor flood (2012) occurred. On the basis of these 
observations it is assumed that the impact of floods on property values changed 
nonlinearly over the time period.  
Furthermore, it is hypothesised that the impact of flood-risks varies across the 
suburb. For instance, three selected sites in this study are close to the river (Chelmer, 
Graceville and New Farm) and two (Oxley and Durack) are much further away. 
Some suburbs are close to the CBD while some others are farther away. Moreover 
some suburbs have developed infrastructure facilities more rapidly than others. These 
amenities and dis-amenities are of course those that mitigate the negative impacts of 
floods on property values. This chapter compares the behaviour of property values in 
selected suburbs (see, chapter 2 for the selection of the study area).  
Properties close to the river have both risks as well as amenity values. For 
properties in closest proximity to the river, the positive effects of amenities (e.g., 
river view or water front) were expected to dominate the negative effect of floods 
exerting an upward trend in spite of close proximity to the river. Given that the risk 
factor is shown to fade off with the distance from the river these factors indicate that 
the distance from the river nonlinearly impacts on property values. According to 
Ekeland et al. (2004), the nonlinearity is an inherent feature of hedonic theory. The 
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following section reviews the literature relating to the risk to properties from floods 
that are at-risk and those that are not, the nonlinearity in HP analysis and the non-
parametric and semi-parametric estimation methods.  
 
7.2 LITERATURE REVIEW  
Previous researchers have investigated the impact of flood-risk on property 
values of affected suburbs and have rarely considered the behaviour of both at-risk 
and risk-free adjacent suburbs. For example, in the recent published literature the HP 
function has been specified in the context of a quasi-experimental approach (see, for 
example, Bin & Landry, 2013; Gawande et al., 2013; Hansen et al., 2013). However, 
these studies have treated risk properties and non-risk properties within same area 
(suburb) as the control rather than comparing risk and non-risk areas. A review of the 
literature suggested that only one study (Eves, 2002) has compared the price 
behaviour of affected and non-affected areas (suburbs). Eves’s (2002) study 
compared the behaviour of property values in affected suburbs with non-affected 
suburbs of Sydney, Australia.  The study compared the average price trend over the 
selected time period and found that the average property price in risk-free suburbs 
was higher than at-risk suburbs, and that the difference was higher around a major 
flood event. Siegrist & Gutscher (2008) conducted a survey and compared flood 
affected and flood non-affected residents but in doing so they considered both groups 
within a flood-proven area. According to Farmer & Lipscomb (2010), the ‘bad’ 
suburbs are likely to be affected more than ‘good’ suburbs following events such as a 
natural disaster. Hence the need for identification of desirable factors in ‘good’ 
suburbs which are likely to aid in the development of better flood mitigation policies. 
This study further investigates the hypothesis using semi-parametric econometric 
estimation of the HP price function. 
The continued evolution of HP theory as a means of specifying the parametric 
models has occurred in spite of intensively discussed deficiencies, such as 
misspecification of the functional form (see, for example, Kuminoff et al., 2010; 
Halvorsen & Pollakowski, 1981). The rigid functional forms impact on the 
estimation coefficient since HP theories do not provide much direction for variable 
specification (Parmeter et al., 2007). Different functional forms have been tested in 
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the literature but have not produced conclusive evidence of the best functional form. 
The non-parametric specification however avoids functional form restrictions, while 
semi-parametric approaches reduce the restriction on functional form.  
The HP function can be specified as a parametric, semi-parametric or non-
parametric. Anglin & Gencay (1996) have concluded that the functional form 
restriction in parametric modelling can be minimised by adopting a semi-parametric 
HP model. Similarly Bin (2004) found that the semi-parametric estimation of HP 
price function outperformed the parametric approach in predicting property prices.  
A limited number of studies have used non-parametric and semi-parametric 
techniques for estimation of the HP price function. See for instance, Speyrer & Ragas 
(1991), Pavlov (2000), Bao & Wan (2004), Bin (2004), Brunauer et al. (2010), 
Chernobai et al. (2011) and Shim et al. (2014) for application of different parametric 
and semi-parametric techniques. The studies by Speyrer & Ragas (1991) and Bao & 
Wan (2004) are examples of using spline regression techniques, whereas Pavlov 
(2000) used kernel estimation. Smoothing spline has been found to be more robust 
than kernel estimation (Bao & Wan, 2004). Brunauer et al. (2010) applied an 
additive mixed model to estimate the HP price function. The estimation was adjusted 
for spatial effect using spatial scaling factor. Most recently, Shim et al. (2014) 
extended semi-parametric analysis by incorporating spatial effect in the error term.  
Speyrer & Ragas (1991) examined the impact of flood risk on property values 
using the spline regression technique. Coulson (1992) observed the nonlinear 
behaviour of the impact of floor space on property prices using smoothing spline 
regression. Recently, Chernobai et al. (2011) found a nonlinear effect of distance 
from a highway extension and its temporal variation. Their results illustrated the 
nonlinear effect on properties which were a medium distance from the highway had 
the highest negative effect. Mason & Quigley (2013) estimated the non-parametric 
HP price function in order to examine house price movement. These applications 
provide sound justification for use of non-parametric estimation of HP price 
function.  
The hypotheses of this chapter were tested using smoothing spline regression 
technique. Spline is a continuous function formed by connecting different segments. 
Unlike piece-wise regression, different segments are connected to each other using 
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knots. The following methodology section discusses the semi-parametric 
specification of the HP price function.  
   
7.3 METHODOLOGY 
A spline regression can be defined as a piece-wise, polynomial regression 
where polynomials join in knots with continuity restrictions (Wold, 1974). Unlike 
piece-wise regressions, in spline regressions derivatives are continuous and the 
regression estimation provides a better curvilinear relationship (Suits et al., 1978). 
According to Marsh & Cormier, (2001) spline regression models are dummy variable 
models with continuity restrictions. 
 
7.3.1 REGRESSION SPLINES 
The spline regression can be fitted by standard regression techniques (see, for 
example, Marsh & Cormier, 2001; Suit et al., 1978; Buse & Lim, 1977). The 
nonlinearity of the dependant variable is captured for different ranges of the 
independent variable. The breaking points combine by knots. Knots are connected 
and smooth in spline regressions (see Figure 7.1). A smooth line can be estimated 
with higher order polynomial.  
 
 
 
   
 
 
Interrupted regression    Spline regression 
Figure 7.1: Spline regression 
(Adopted from: Marsh & Cormier, 2001) 
 
Consider the following equation; 
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𝑝𝑖 =  𝛼 + 𝛽𝑥𝑖 + 𝜀𝑖                        Eq. 7.1 
 
Suppose xi is the distance to the river and nonlinearly affects property values pi. 
First, the spline adjustment variable should be constructed using a dependant 
variable, xi. For instance, if it is necessary to consider four distance bands, three 
dummy variables need to be constructed.  
𝑝𝑖 =  𝛼 + 𝛽𝑥𝑖 + 𝛽1𝐷1 + 𝛽2𝐷2 + 𝛽3𝐷3+𝜀𝑖                        Eq. 7.2 
 
The first distance band is interpreted using the first coefficient estimate, the 
impact on the second distance band is interpreted using the summation of the first 
and second coefficients, and so on.  However, a smoothing spline produces a 
nonlinear relationship between the dependent and independent variables.  
 
7.3.2 SEMI-PARAMETRIC HP FUNCTION 
Non-parametric and semi-parametric econometric techniques are well 
established in economic analysis. Hasti & Tibshirani (1990) and Wood (2006) have 
discussed generalised additive models, while Hasti & Tibshirani (1993) have 
proposed semi-parametric specifications. In this study a semi-parametric HP function 
was specified (for semi-parametric estimation, see Shim et al., 2014; Bin, 2004; 
Hasti & Tibshirani, 1990).  
The HP price function can be specified as follows for the market clearance 
price (p) and its characteristics (x). 
𝑝 =  𝑖(𝑥𝑖)                        Eq. 7.3 
 
The partial differentiation of the HP price function with respect to a given 
housing attribute reveals the marginal willingness to pay for that attribute. The 
parametric estimation of the HP function was discussed in Chapter 4. The hedonic 
equation can be rewritten by adding a non-parametric variable (z) as follows: 
𝑝 =  𝑖(𝑥𝑖, 𝑧)                        Eq. 7.4 
 
 141 
Chapter 7: Semi-Parametric Estimation of Hedonic Property Prices: Comparison of Flood-Affected and Non-
affected Suburbs 141 
 Zj (for, example, time variable) is nonlinearly specified. The z variable in 
traditional HP function is replaced with unknown functions in the semi-parametric 
model. Thus the semi-parametric model can be written as: 
𝑝𝑖 =  𝛼 + ∑ 𝛽𝑥𝑖𝑎𝑖=1 + ∑ 𝑚𝑖�𝑧𝑖�𝑖𝑖=1 + 𝜀𝑖                        Eq. 7.5 
 
 
In Equation 7.5, the variable, Zj appears as a function, 𝑚𝑖�𝑧𝑖�. The unknown 
function can be estimated using spline regression analysis.  
 
7.4 RESULTS AND DISCUSSION  
In this chapter the use of spline regressions in estimating the HP price function 
was illustrated. Its use for analysing property transaction data is justified because of 
its flexible functional form. The nonlinear effect of time on property values was 
modelled to examine the behaviour of flood affected suburbs and non-affected 
suburbs. The impact of time of sale on property values was examined in two different 
ways: the first using the ‘knot’ specification in spline regressions (see Section 7.4.1) 
and secondly without specifying knot positions (see Section 7.4.2). The results of the 
nonlinear effect of distance to the river are discussed in Section 7.4.3.  
 
7.4.1 REGRESSION SPLINES 
The HP price function was estimated using spline regression techniques with 
known knots. For this study two knots were introduced, the first indicating the 
release of flood maps (2009) and the second indicating the actual flood incidence in 
2011. Although estimated results are similar to OLS estimation, the interpretation of 
the coefficient of the spline variable is different. Following Marsh and Cormier 
(2001), the following spline function is specified as:  
𝑝𝑖 =∝𝑖+ 𝛽𝑖𝑐𝑖 + 𝜀𝑖 
where t is the time (for this study, time is specified in terms of number of 
months). Knots are introduced to the variable t and thus, 
𝑝𝑖 =∝𝑖+ 𝑏1𝑐1 + 𝑏2𝑐2 + 𝜀𝑖 
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where the impact of the release of flood maps is b1 and the actual flood is 
b1+b2.  
The behaviour of property prices with respect to time is illustrated in Figure 7.2 
(flood affected suburbs) and 7.3 (flood non-affected suburbs). The impact of the time 
periods on property values according to the estimated coefficients are summarised in 
Table 7.1 (regression results are presented in appendix I).  
 
Table 7.1: Property price behaviour with release of flood-risk information and floods 
Suburb Release of flood 
maps 
2010/11 flood 
yr1 yr1+yr2 
Chelmer 0.0053 -0.0179 
Graceville 0.0055 -0.0116 
New Farm 0.0058 -0.0139 
Fairfield 0.0028 -0.0096 
Durack 0.0014 -0.0115 
Oxley 0.0053 -0.0122 
Sunnybank 0.0057 -0.0053 
Holland Park 0.0033 -0.0038 
Bardon 0.0053 -0.0111 
 
 
As shown in Figure 7.2, a significant property price reduction can be observed 
in some suburbs, whereas property prices of other suburbs do not decline 
significantly following the release of flood maps and the floods of 2011. As 
observed, the average property price in Brisbane (as well as in Australia) flattened 
after 201016. This occurrence may have been associated with overall macroeconomic 
growth. The results were consistent with estimated cubic spline regressions. 
Individual suburb behaviour is discussed in the next section.  
 
 
 
 
 
                                                 
 
16 See section 3.4 and Figure 3.6 for more detail 
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(a) Chelmer (b) Graceville 
Yr1-Yr2                             
F 
7.29*** Yr1-Yr2                             
F 
10.1*** 
Yr2-Yr3                              
F 
3.07** Yr2-Yr3                              
F 
4.26** 
  
(c ) New Farm (d)Fairfield 
Yr1-Yr2                             
F 
1.52 Yr1-Yr2                             
F 
0.97 
Yr2-Yr3                              
F 
0.40 Yr2-Yr3                              
F 
0.98 
  
(e) Durack (f) Oxley 
Yr1-Yr2                             
F 
13.46*** Yr1-Yr2                             
F 
58.07*** 
Yr2-Yr3                              
F 
3.15** Yr2-Yr3                              
F 
21.77*** 
Figure 7.2: Property market behaviour of different suburbs (flood affected suburbs) 
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(g) Sunnybank (h) Holland Park 
Yr1-Yr2                             F 7.36*** Yr1-Yr2                             F 2.68** 
Yr2-Yr3                              
F 
0.16 Yr2-Yr3                              F 0.70 
 
 
(i) Bardon  
Yr1-Yr2                             F 9.88***   
Yr2-Yr3                              
F 
4.55**   
Figure 7.3: Property market behaviour of different suburbs (flood non-affected 
suburbs) 
(Graphs produced by using STATA17) 
 
7.4.2 SEMI-PARAMETRIC ESTIMATION 
The results of the semi-parametric models were consistent with the findings of 
previous models which were estimated using parametric and non-parametric 
variables. The parametric part of the model is presented in appendix I.2. The 
coefficients of the flood variable in flood-affected suburbs achieved a negative sign 
and were statistically significant. Other property characteristics, such as number of 
bedrooms and number of bathrooms were significant and positive in sign as 
                                                 
 
17 Regression results are presented in Appendix I. 
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discussed. Tables in appendix I.2 also shows the importance of neighbourhood and 
environmental variables.  
A time variable was incorporated as a non-parametric variable to observe the 
property price movement. As shown in Figure 7.4, property prices in Chelmer, 
Graceville, Durack and Oxley showed decreasing trends. However, property prices 
of other flood-affected suburbs (New Farm and Fairfield) were stable following the 
floods. These results are consistent with parametric estimations18. The graphical 
illustrations are important in two ways, as they show both the price movement 
gradient and recovery time. Following the floods, property prices declined steeply in 
the low median income suburbs of Durack and Oxley and more than in the high 
median income suburbs of Chelmer and Graceville. New Farm and Fairfield also 
showed a declining trend following the floods although this was not significant. The 
reason may be that property buyers ignored the flood risks due to the economic 
advantage of being close to the CBD.  
Importantly property prices showed recovering trends after early 2013 in high 
median income suburbs, whereas they declined further in low median income 
suburbs. These results are consistent with Lamond et al. (2008) and Bin & Landry 
(2013) who showed that the negative impact was temporary and that property prices 
recovered as people forgot the past incidence. However, the results of the present 
study show that the recovery period depends on other suburb characteristics, such as 
neighbourhood income. The results are also similar to spline regression estimation 
with known ‘knots’, as discussed in the above section. It is noted that this method is 
considered preferable to specifying with known knots since cubic spline regression is 
more nonlinear.   
The comparison of flood-affected suburbs with non-affected suburbs was 
another important objective of this study. It was hypothesised that the negative effect 
incurred in flood-affected suburbs was captured by non-affected suburbs. The results 
are presented in Figure 7.5 and do not show significant positive or negative changes 
in property prices following the 2011 flood. According to the results, non-affected 
suburbs did not receive any advantage due to the floods. This is consistent with the 
null hypothesis. Eves (2002) also observed that the average price difference between 
                                                 
 
18 See Chapter 4 
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flood-affected suburbs and non-affected suburbs showed no appreciable gain in 
property values in non-affected suburbs. According to Siegrist & Gutscher (2008), 
non experienced property owners in flood risk areas under-estimate and undervalue 
the risks. Although flood risk areas are demarcated, the number of high risk 
properties may be minimal as geographical variation can be observed even within the 
flood prone area.  
 
  
(c) Chelmer (d) Graceville 
  
(c ) New Farm (d)Fairfield 
  
(e) Durack (f) Oxley 
Figure 7.4: Smooth spline regression analysis of different suburbs (flood affected 
suburbs) 
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(g) Sunnybank (h) Holland Park 
 
 
(ii) Bardon  
Figure 7.5: Smooth spline regression analysis of different suburbs (flood non-
affected suburbs) 
 
 
7.4.3 IMPACT OF DISTANCE FROM THE RIVER ON PROPERTY 
VALUES  
Geographical variation of flood impact on property values are discussed in this 
section, with flood risk considered as a variable of distance to the river. OLS and ML 
estimations of the HP function19 showed that the distance from the river was positive 
and significant for some suburbs, but not for others. This would reflect the fact that 
properties close to the river had a flood-risk and an amenity value as a water-front 
property.  It can therefore be accepted that the relationship between property values 
and distance from the river is not linear. Hence, the distance from the river variable 
was included as a non-parametric variable. Figure 7.6 displays the relationship 
between property prices and distance from the river.  
It is clear that properties close to the river have higher value in spite of flood 
risks due to their amenity values but which decline sharply as they bear flood-risk. 
                                                 
 
19 As discussed in Chapter 4. 
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This scenario was prominent in most suburbs, with results showing that after 400 
metres (approximately), the risk disappeared. However, this negative relationship 
was not exhibited in New Farm or Fairfield, although these suburbs were located on 
the flood-plain. This may have been due to the presence of other amenities situated 
close to the CBD.  
 
 
  
(a) Chelmer (b) Graceville 
  
(c ) New Farm (d)Fairfield 
Figure 7.6: Property market behaviour with distance to the river 
 
 
7.5 CONCLUSION  
This chapter estimated a HP price function using a semi-parametric regression 
and results were comparable with parametric estimations. Therefore, the results 
support the use of semi-parametric estimation as a best alternative for a conventional 
parametric model. One of the advantages of a semi-parametric regression is that it 
offers less restrictions on the functional form, unlike parametric methods. Moreover 
the analysis provides an insight to parametric estimation. For instance, although 
parametric estimation shows a positive, significant impact for distance from the river, 
the non-linearity of its impact can be observed in spline regressions. Spline 
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regression results also confirm the amenity values of being close to the river 
outweighed the flood risks. Moreover the property price movements were more 
clearly observed in spline regressions than in the parametric estimation. 
Consequently the results can be used to compare property market behaviour of flood-
affected and non-affected suburbs, and compare differences among the suburbs 
whose characteristics vary according to socio-economic and environmental factors. 
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Chapter 8: Conclusions and Policy 
Implications 
The purpose of this chapter is to provide the overall conclusions derived from 
this study, discuss the limitations of the econometric models and empirical 
investigations, suggest further improvement and provide policy recommendations 
which flow from the findings. Section 8.1 provides a brief summary of the thesis. 
Based on the reviewed literature, the importance of the research theme and identified 
research gaps are presented in sections 8.2 and 8.3 respectively. Major findings are 
set out in section 8.4 and followed by policy recommendations (section 8.5). Section 
8.6 discusses the study’s limitations and suggestions for further research.  
 
8.1 SUMMARY OF THE THESIS 
The global increase in reported natural hazards has directed research towards 
studying and simulating their possible impacts. To this end, economists have 
examined the economic valuation of the direct and indirect effects of natural 
disasters and climate change. In line with this trend, the present study investigates the 
impact of natural disasters on property market values, using the 2011 Brisbane floods 
as a case study. 
A comprehensive literature review is carried out in this study covering the 
determinants of property market, buyer’s and seller’s behaviour and econometric 
modelling of different aspects of the property market. The literature reviewed in this 
study is presented in chapter two including the theoretical development of HP price 
analysis.  
Chapter three describes the study area and data collection procedure using GIS 
techniques. Identified research problems are investigated and reported in chapters 
four to seven. 
The impact of flood risk on property values is estimated using the HP price 
function. The impact of the availability of flood risk information and the impacts of 
flood on the property market are compared using a quasi-experimental approach in 
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chapter four. The negative impact of risks is investigated for different submarkets by 
using spatial quantile regression analysis. Chapter six is devoted to investigating 
property market inefficiency under flood risks. In chapter seven, flood risk is 
estimated using semi-parametric econometric techniques and the difference between 
flood prone and non- flood prone suburbs is compared.  
 
8.2 IMPORTANCE OF THE RESEARCH QUESTION  
Among the different aspects of natural disasters, their impact on the property 
market is considerable. As discussed in chapter one, the property market is one of the 
important sub-sectors in any economy. Therefore, any changes in the property 
market behaviour have an impact on the local economy. Apart from property owners, 
many other stakeholders (i.e. investors, financial institutes, property valuers, builders 
and related business, property agents and government) are interested in the behaviour 
of the property market. As well a precise estimation of property prices and price 
behaviour is important for investors when making investment choices as it is for 
financial institutes which need to manage property risk.  
 
8.3 RESEARCH GAPS 
The impacts of floods on the property market have often been researched as 
previously discussed, but some issues have not been investigated comprehensively 
and it is these research gaps which form the basis of this study.  
Since the seminal work of Rosen (1974), HP price analysis continues to be 
utilized with frequent improvements made to econometric techniques. The use of HP 
theory in a variety of empirical research provides solid evidence of its validity as a 
technique for research in the field of environmental economics. While there are some 
well discussed deficiencies in this approach relating to the selection of functional 
form, determinants of property prices and spatial dependency, developments in 
econometric techniques during the last four decades have progressively overcome 
these deficiencies. Other new econometric techniques also need to be tested. 
Existing studies have considered either actual flood events or flood risks but 
have rarely compared the availability of public information and actual incidence. 
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Furthermore, flood risk has been measured in different ways in previous research. 
Importantly existing studies have not considered both amenities and dis-amenities 
sufficiently in flood risk estimation. For example, the positive effects of river views 
being close to a river have only rarely been considered.  
Most research has not investigated the impact of floods across different 
locations (or suburbs) and especially the impact across flood affected as well as flood 
non-affected areas. And while property submarket behaviour is increasingly being 
studied in property economics the estimation of the impact of natural disasters across 
submarkets is rarely found. Whether the property market is performing efficiently in 
the presence of natural hazards is another area of interest needing to be addressed.  
 
8.4 MAJOR FINDINGS 
Due to the heterogeneous nature of the property market, a consistent set of 
determinants of property values cannot be observed, an issue emphasised by a 
number of the reviewed articles (see, for example, Sirmans et al., 2005). Clearly the 
selection of variables depends on the strength of datasets and therefore several data 
bases need to be considered when preparing a required data set the collection and 
cleaning of which is a time consuming process. In this context the use of the GIS 
technique is shown to be appropriate for measuring and capturing spatial data. It also 
reduces the time taken for data collection where spatial data is concerned. 
In the existing literature, flood risk has been measured in different ways, such 
as distance to the river and as a dummy variable for properties located in flood zones. 
In this research the flood risk was tested in several ways for different locations. The 
results were not consistent. For instance, the variable of distance to the river was 
significant only for some locations, and as the results of the spline regression clearly 
indicated, the effect of distance to the river was shown to be non-linear. In 
recognition of these complexities flood risk was defined as an interaction between 
distance to the river and elevation.  
The spatial HP price function was estimated within a DID estimation technique 
which provided a means to estimate the impact of different treatment effects. For 
instance, in this study the use of the DID technique is demonstrated by comparing 
two incidences encompassing the availability of public information and the actual 
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flood. Results found that property prices displayed a higher discount following actual 
flood incidence than when flood maps are released.   
The 2SQR technique was employed to examine the treatment effect of DID 
techniques across different submarkets. The results showed the existence of property 
submarkets and differences in their behaviour resulting from flood effects. In this 
way quantile regression analysis was shown to be a valid technique for analysing 
submarket behaviour which depends on the property price.  
The results showed that floods can have a negative impact on property values 
although this impact varies from suburb to suburb. Moreover, spline regressions 
showed that property values in affected suburbs declined whereas in flood non-
affected suburb there was no change in terms of property values. The effect of non-
linearity of determinants on property value can be observed adopting semi-
parametric analysis. Semi-parametric econometric techniques were also considered 
to be important for validating parametric results.  
Another possible indirect impact of natural disasters on the property market is 
market efficiency a facet rarely investigated in the literature. Importance of market 
efficiency is discussed in chapter six. This topic has been rarely investigated in terms 
of both the buyer and seller.  
The two-tiered stochastic frontiers model used in this study was estimated to 
examine the property market efficiency with respect to flood-risk. 
Overall, the study describes a methodology which makes an important 
contribution to developing an improved means of assessing the impact of floods on 
property values by minimising econometric issues in HP price analysis. Thus by 
adopting the DID technique and use of quantile and spline regressions, most 
econometric problems can be minimized and together provides an in-depth analysis 
of the HP price function.  The analysis was extended to estimate flood risks in terms 
of different regions, different property submarkets, time (months after the floods), 
and buyer and seller - all important variables in flood mitigation related policy 
decision making.  
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8.5 POLICY RECOMMENDATIONS 
In addition to the direct impacts of natural hazards on the property market such 
as damage cost, the indirect impacts are also considerable. For instance, the latter’s 
effect on property values are considerable. Moreover while direct economic damage 
to properties may in many cases be compensated by property insurance programmes 
any possible negative impact on the property market is not likely to be recovered. 
Hence, flood mitigation policy packages could include remedies for minimising the 
adverse impact on property values from flood disasters.  
Detrimental impacts of flood vary from place to place in terms of property 
value as it is only one factor among many others that determine property value.  In 
particular this research highlights the importance of suburb characteristics in 
generating this variance. The government could therefore plan to invest in 
appropriate infrastructure to minimise adverse impact of natural hazards such as 
flood. For example, existence of park, transport and market positively influence 
property values. Enhancement of such infrastructure facilities in resource poor 
suburbs could be given higher priority to minimize the adverse impacts of natural 
hazards on the property market. Moreover improved infrastructure facilities in such 
suburbs may increase the demand for properties by higher income groups, reducing 
inequality.  
In particular, policy planners could consider areas that have the most 
vulnerable groups in terms of property values. This study’s results also suggest that 
the findings relating not only to submarket behavious but also to efficiency scores 
could be important for decision makers. Submarkets can be considered in terms of 
different income groups whereas market inefficiency can be decomposed into buyers 
and sellers. According to the results, low-income groups are more vulnerable to 
disasters such as floods. That can be ascribed in part to the finding that high-income 
category suburbs recover faster than low-income categories. It is likely that the poor-
income category cannot afford higher insurance premium (Schlesinger, 2013).  It can 
therefore be argued that following a disaster such as a flood, a priority should be 
given to low-income suburbs in the post recovery programme and in particular those 
who could not afford flood insurance coverage.  
Risk-related information is important for property insurance providers. The 
existing insurance programmes could be redesigned to also consider the negative 
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impact of property values. The results revealed considerable heterogeneity in the 
effect of flood on property values. Hence insurance programmes could be designed 
that take into consideration actual flood premiums, rather than implementation of a 
flat rate. Otherwise, insurance providers could benefit from asymmetric information 
creating property market inefficiency. In addition adverse selection is possible with 
flat insurance premium for all properties (Schlesinger, 2013). It is evidence that, even 
following a major flood incidence, most property owners are reluctant to obtain 
insurance (Lo, 2013). According to a recent study property owners are not likely to 
be aware of the structure of the insurance premium (Fels, 2014). Based on this 
study’s research findings, the most suitable areas in terms of higher risk, medium risk 
and low risk can be mapped and made available in the form of interactive flood 
maps20. Government intervention to provide specific flood risk information and 
promote a risk based insurance programme would also be necessary to increase the 
number of insured property.  
The availability of reliable information is a key precondition for competitive 
markets, given investors need this information to make appropriate investment 
decisions. Using this study’s findings investors can calculate their risk factors for 
investment projects, minimising uncertainty. They also can take the necessary 
precautions in the planning stage of an investment project to reduce the negative 
effects on property market values.  
Awareness of the behaviour of property values is equally important for banks 
and other financial institute for implementing appropriate mortgage programmes. 
The information on estimation of risk premium and property market behaviour 
following such a natural disaster incidence, could, for example, be used for designing 
bank’s long term mortgage programmes.  
 
8.6 LIMITATIONS AND SUGGESTIONS FOR FURTHER RESEARCH 
HP price analysis is shown to be a reliable method for understanding property 
market behaviour and for examining the indirect impact of environmental amenities 
and dis-amenities. The growing literature indicates particular avenues to address 
                                                 
 
20 Available at http://floodinformation.brisbane.qld.gov.au/fio/ 
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econometric issues related to the HP theory. One of the major challenges HP 
analyses created for this study was the construction of a reliable dataset. A recent 
newspaper article (Wilkins, 2014) has also highlighted the deficiency in data 
availability for research. In comparison to other countries Australia has a reliable 
data source which captures the history of property transactions. But aside from this 
basic information, more complex information cannot be directly downloaded. 
Important determinants for some transactions such as property age were not available 
from any source. Moreover, one can incorporate the level of flood risk (such as high 
risk, medium risk or low risk) in HP analysis which is not readily available.  
In order to construct transaction data individual transactions were examined. 
Hence, a large number of suburbs could not be considered for a comprehensive 
study. In analysing the flood impact on property values covering a large number of 
suburbs, the GIS technique can be used to map the possible variation of property 
prices.  
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APPENDIX A: FLOOD MAPS OF BRISBANE 
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APPENDIX B: DEFINITION OF VARIABLES AND EXPECTED SIGNS 
Variable Description Exp. 
Sing 
N_PRICE House sale price – nominal value  
R_PRICE House sale price adjusted to 2013 quarte 1 price  
BEDRM Number of bed rooms + 
BATHRM Number of bath rooms + 
GARAGE Number of garage spaces + 
FLOORAREA Total floor are in square meters + 
TOTAREA Total area of land + 
WALL_BRICK Dummy variable for wall construction material: 1 if 
brick, 0 otherwise 
+/- 
WALL_WOOD Dummy variable for wall construction material: 1 if 
wood, 0 otherwise 
(The omitted category is mixed wood and brick) 
+/- 
FLOOR_CARP Dummy variable for floor construction material: 1 if 
carpet, 0 otherwise 
+/- 
FLOOR_TILE Dummy variable for floor construction material: 1 if 
tile, 0 otherwise 
+/- 
FLOOR_WOOD Dummy variable for floor construction material: 1 if 
wood, 0 otherwise 
(The omitted category is mixed) 
+/- 
ROOF_TILE Dummy variable for roof construction material: 1 if 
Tile, 0 otherwise 
+/- 
ROOF_ASBES Dummy variable for roof construction material: 1 if 
asbestos, 0 otherwise 
(The omitted category is galvanised iron) 
+/- 
STORIES Number of stories in the house + 
POOL Dummy variable: 1 if a swimming pool is available, 
0 otherwise 
+ 
BTYR_1900 Dummy variable for the decade that the structure was 
built: 1 if built in before 1900, 0 otherwise 
+/- 
BTYR_1920 Dummy variable for the decade that the structure was 
built: 1 if built in before 1920, 0 otherwise 
+/- 
BTYR_1940 Dummy variable for the decade that the structure was 
built: 1 if built in before 1940, 0 otherwise 
+/- 
BTYR_1960 Dummy variable for the decade that the structure was 
built: 1 if built in before 1960, 0 otherwise 
+/- 
BTYR_1980 Dummy variable for the decade that the structure was 
built: 1 if built in before 1980, 0 otherwise 
+/- 
BTYR_2000 Dummy variable for the decade that the structure was 
built: 1 if built in before 2000, 0 otherwise 
(The omitted category is built in 2010) 
+/- 
GARDEN Dummy variable: 1 if a garden is available and 0 
otherwise. (The presence of well-maintained garden 
at the time of selling is considered as a presence of a 
garden) 
+ 
WATERFRONT Dummy variable: 1 if property is in the water front, 0 
otherwise  
+ 
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VIEW Dummy variable for a view: 1 if view of 
forest/ground/park/suburb, 0 otherwise 
+ 
OUTERWALL Dummy variable: 1if the property is surrounded by a 
wall, 0 otherwise  
+ 
LAT Latitudes  
LONG Longitudes  
ELEV Elevation + 
FLOODMAP Dummy variable for the flood map: 1 if the property 
is within the flood risk area according to the flood 
map 2009, 0 otherwise 
- 
FLOOD Dummy variable for the flood affected property: 1 if 
the property is flood affected in 2010/11, 0 otherwise 
- 
DIS_RIVER Distance in meters to the Brisbane river or water 
stream 
+ 
INCOME Medium house hold income in the mesh block + 
HHSIZE Medium house hold size in the mesh block +/- 
DIS_PARK Direct distance in meters to the closest park - 
DIS_RAIL Direct distance in meters to the railway track + 
DIS_HIGWAY Direct distance in meters to the highway  + 
DIS_SHOP Distance in meters to the closest shopping centre  - 
DIS_PSCHOL Distance in meters to the closest primary school - 
D_2007 Dummy variable for the year of sale: 1 if sale occur 
in 2007, 0 otherwise 
+/- 
D_2008 Dummy variable for the year of sale: 1 if sale occur 
in 2008, 0 otherwise 
+/- 
D_2009 Dummy variable for the year of sale: 1 if sale occur 
in 2009, 0 otherwise 
+/- 
D_2010 Dummy variable for the year of sale: 1 if sale occurs 
in 2010, 0 otherwise 
+/- 
D_2011 Dummy variable for the year of sale: 1 if sale occurs 
in 2011, 0 otherwise 
+/- 
D_2012 Dummy variable for the year of sale: 1 if sale occurs 
in 2012, 0 otherwise 
(The omitted category is sales occurring in 2013) 
+/- 
DMARKET Number of days in the market +/- 
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APPENDIX C: DISCRIPTIVE STATISTICS OF FLOOD AFFECTED SUBURBS 
  Group 1       Group 2       Group 3       
Variable Mean Std. Dev. Min Max Mean Std. Dev. Min Max Mean Std. Dev. Min Max 
N_PRICE 371500.10 109708.30 115000.00 1260000.00 1154838.00 626951.00 147000.00 5900000.00 811142.50 535159.30 104000.00 5160000.00 
R_PRICE 447631.60 128267.50 152459.00 1567934.00 1401044.00 772719.10 196372.60 7734577.00 962409.40 640991.40 116365.20 6893080.00 
LR_PRICE 12.97 0.27 11.93 14.27 14.05 0.44 12.19 15.86 13.64 0.49 11.66 15.75 
BEDRM 3.38 0.71 1.00 6.00 3.56 1.07 1.00 9.00 3.56 0.84 2.00 7.00 
BATHRM 1.55 0.60 0.00 4.00 2.09 0.91 1.00 7.00 1.99 0.83 1.00 5.00 
GARAGE 1.56 0.76 0.00 6.00 1.74 0.88 0.00 5.00 1.63 0.83 0.00 4.00 
AREA 655.25 315.44 119.00 5640.00 473.38 194.32 110.00 1292.00 640.46 326.00 300.00 4530.00 
LAND_VAL 223533.20 54769.94 125000.00 580000.00 706625.20 236271.00 247500.00 1850000.00 438750.00 217448.70 202500.00 2200000.00 
FLOORAREA 131.44 52.94 15.07 357.00 184.19 78.49 43.00 447.00 1103.66 18965.37 46.28 393000.00 
DMARKET 77.45 90.06 1.00 820.00 99.48 99.92 1.00 597.00 78.03 87.73 1.00 593.00 
ofStories 1.18 0.39 1.00 2.00 1.43 0.51 1.00 3.00 1.35 0.48 0.00 3.00 
Riverview 0.00 0.05 0.00 1.00 0.08 0.27 0.00 1.00 0.08 0.27 0.00 1.00 
ELEV 24.76 10.29 7.03 66.55 11.81 5.72 3.68 30.84 15.23 3.97 7.38 25.49 
HHSIZE 2.66 0.55 1.20 3.50 2.00 0.27 1.50 2.50 2.74 0.24 1.80 3.10 
INCOME 1329.18 260.76 614.00 1898.00 1924.24 622.54 662.85 3550.62 2216.31 437.24 1536.38 3291.13 
parkdis 703.17 377.52 60.00 1900.00 474.38 188.50 80.00 1120.00 440.95 205.62 10.00 900.00 
highway 1756.76 1005.58 50.00 4100.00 2383.33 346.06 1600.00 3000.00 2302.06 749.86 750.00 3800.00 
flood 0.10 0.30 0.00 1.00 0.14 0.35 0.00 1.00 0.39 0.49 0.00 1.00 
disstreem 3258.76 1849.20 400.00 6700.00 406.35 204.25 10.00 860.00 512.90 228.83 100.00 1000.00 
disschool 828.25 390.47 20.00 1980.00 697.61 423.18 40.00 1580.00 718.65 274.09 80.00 1300.00 
disshop 1940.46 631.69 500.00 3220.00 574.69 245.75 60.00 1360.00 1465.58 355.43 760.00 2160.00 
railway 2041.83 1610.59 10.00 4620.00 2260.00 0.00 2260.00 2260.00 470.20 250.47 10.00 1070.00 
discbd 12181.13 1501.59 10100.00 15000.00 2414.59 281.99 1800.00 3000.00 6984.04 337.26 6300.00 7800.00 
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Appendix C.2: Distribution of transaction data 
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Appendix C.3: Suburb characteristics maps 
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APPENDIX D: CORELATION MATRIX  
Appendix D.1: Group 1 
  LR_PRICE BEDRM BATHRM GARAGE AREA LAND FLOORA FLOOR FLOOR_~E FLOOR_~D ROOF_T~E ROOF_A~S WALL_B~K WALL_W~D VIEW Pool 
LR_PRICE 1                               
BEDRM 0.1817 1                             
BATHRM 0.2226 0.5968 1                           
GARAGE 0.1847 0.226 0.2489 1                         
AREA 0.2179 -0.083 -0.0601 0.0554 1                       
LAND_VAL 0.4604 -0.015 0.1257 0.0301 0.2118 1                     
FLOORAREA 0.3008 0.6181 0.6172 0.2426 0.004 0.1423 1                   
FLOOR_CARP 0.0977 0.0149 0.0017 0.0196 -0.022 0.1516 -0.0377 1                 
FLOOR_TILE 0.1024 0.1691 0.155 0.0876 -0.083 0.1227 0.2358 -0.1687 1               
FLOOR_WOOD 0.0924 -0.303 -0.2266 -0.156 0.0278 0.2332 -0.2436 -0.3056 -0.178 1             
ROOF_TILE 0.1047 0.0801 0.0647 0.1819 -0.065 0.1456 0.1148 0.0988 0.3005 0.0379 1           
ROOF_ASBES 0.0282 -0.129 -0.0058 -0.094 -0.067 0.1644 -0.0966 0.0409 -0.1031 0.1763 -0.4049 1         
WALL_BRICK -0.0238 0.1993 0.248 0.1428 -0.188 0.0828 0.2371 0.0973 0.3435 -0.2089 0.4122 -0.0363 1       
WALL_WOOD 0.1086 -0.321 -0.2485 -0.189 0.0404 0.2589 -0.2578 0.0458 -0.142 0.4375 -0.1478 0.2742 -0.4493 1     
VIEW 0.0543 -0.016 0.03 0.0538 -0.049 0.1085 0.0438 -0.0408 -0.0055 0.2468 0.2305 0.2323 0.2101 0.107 1   
Pool 0.1049 0.0388 0.0413 0.1001 0.1584 0.1225 0.1287 -0.107 -0.0002 -0.009 -0.0229 -0.0151 0.0289 -0.0542 0.0386 1 
Garden 0.0828 0.185 0.1622 0.1225 -0.004 -0.0428 0.216 -0.0649 0.0595 -0.2321 0.0525 -0.1242 0.169 -0.2662 -0.0399 0.1417 
Stories 0.2692 0.2583 0.3155 0.1055 -0.07 0.1963 0.3772 -0.0209 -0.0181 0.0227 0.0804 0.1339 0.0825 -0.1136 0.2307 0.1227 
Riverview -0.064 0.0312 0.012 0.0068 -0.012 -0.0429 0.0145 -0.0391 0.0621 -0.0413 0.0297 -0.0317 -0.0104 -0.0397 -0.0671 -0.024 
ELEV -0.0117 0.0867 0.101 0.0784 0.0773 0.0892 0.1285 0.0241 0.0467 -0.2284 -0.0719 -0.0007 0.108 -0.2811 -0.0776 0.0614 
HHSIZE 0.0014 0.0618 -0.0231 0.0379 0.1989 -0.0675 0.1234 -0.0872 -0.0351 -0.0609 -0.0404 -0.0605 -0.0093 -0.1161 -0.0112 0.1017 
INCOME 0.2685 -0.036 -0.0451 -0.002 0.1547 0.3678 0.0571 0.0413 0.1241 0.1786 0.1795 0.0934 0.063 0.1537 0.1104 0.0821 
parkdis -0.0164 0.171 0.1261 0.0992 -0.035 -0.0382 0.2526 0.0537 0.1847 -0.2264 0.2325 -0.1503 0.3596 -0.3004 -0.0241 0.0441 
highway -0.2326 0.2169 0.1883 0.1432 -0.063 -0.3869 0.1089 -0.107 -0.1126 -0.408 -0.2476 -0.2056 0.0332 -0.4631 -0.1594 0.0121 
flood 0.016 -0.144 -0.1451 -0.085 0.0298 -0.1232 -0.1366 -0.0065 0.0126 0.2578 0.0483 0.0846 -0.1889 0.3018 0.1425 -0.0364 
disstreem -0.352 0.2044 0.1183 0.0921 -0.029 -0.6319 0.0849 -0.1415 -0.1196 -0.4461 -0.2065 -0.2608 0.0563 -0.5132 -0.2084 0.0086 
disschool 0.1127 0.1932 0.2722 0.1157 -0.131 0.1877 0.2038 0.1251 0.2315 -0.1126 0.1584 -0.0111 0.2886 -0.1521 0.0251 -0.0319 
disshop 0.1807 -0.098 -0.0201 -0.112 -0.047 0.3588 -0.0144 0.1173 0.0675 0.3588 0.2018 0.1744 0.0008 0.428 0.1872 -0.0206 
railway -0.3726 0.149 0.0694 0.0724 0.0156 -0.6533 0.0343 -0.1764 -0.1786 -0.4211 -0.2695 -0.2222 -0.0192 -0.4863 -0.2039 0.0181 
discbd -0.3551 0.1983 0.1013 0.0948 -0.008 -0.6392 0.0692 -0.1455 -0.1144 -0.4608 -0.2195 -0.2576 0.0475 -0.533 -0.2267 0.0084 
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Contd. Appendix D.1: Group 1 
  Garden ofStor~s Riverv~w ELEV HHSIZE INCOME parkdis highway flood disstr~m dissch~l disshop railway discbd 
LR_PRICE                             
BEDRM                             
BATHRM                             
GARAGE                             
AREA                             
LAND_VAL                             
FLOORAREA                             
FLOOR_CARP                             
FLOOR_TILE                             
FLOOR_WOOD                             
ROOF_TILE                             
ROOF_ASBES                             
WALL_BRICK                             
WALL_WOOD                             
VIEW                             
Pool                             
Garden 1                           
Stories 0.1512 1                         
Riverview 0.0431 -0.034 1                       
ELEV 0.0276 0.0755 0.024 1                     
HHSIZE 0.1126 0.057 -0.061 -0.1215 1                   
INCOME -0.0931 0.1342 -0.1135 0.035 0.4439 1                 
parkdis 0.0958 0.0141 -0.0176 0.2463 0.1961 0.1686 1               
highway 0.2002 -0.0936 0.1291 0.2177 0.0726 -0.5021 -0.2095 1             
flood -0.2402 -0.011 -0.0249 -0.4648 -0.0327 0.0774 -0.2862 -0.3249 1           
disstreem 0.2101 -0.1726 0.1073 0.0614 0.1731 -0.5752 0.1437 0.7965 -0.2811 1         
disschool 0.0143 0.1091 0.0159 0.434 -0.3123 0.0342 0.3498 -0.0041 -0.2945 -0.1669 1       
disshop -0.2017 0.0459 -0.0554 -0.4719 -0.1491 0.2009 0.1674 -0.745 0.4152 -0.5388 -0.083 1     
railway 0.1964 -0.1748 0.0852 0.0666 0.1886 -0.562 0.0433 0.7999 -0.2445 0.9747 -0.2684 -0.5603 1   
discbd 0.2111 -0.1651 0.1072 0.1827 0.1608 -0.5445 0.1366 0.807 -0.3499 0.981 -0.0936 -0.6611 0.9571 1 
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Appendix D.2: Group 2 
  LR_PRICE BEDRM BATHRM GARAGE AREA LAND FLOORA FLOOR FLOOR_~E FLOOR_~D ROOF_T~E ROOF_A~S WALL_B~K WALL_W~D VIEW Pool 
LR_PRICE 1                               
BEDRM 0.3341 1                             
BATHRM 0.4335 0.4388 1                           
GARAGE 0.2856 0.1905 0.2589 1                         
AREA 0.3012 0.3176 0.0365 0.0571 1                       
LAND_VAL 0.5021 0.3431 0.1693 0.2466 0.7116 1                     
FLOORAREA 0.5455 0.5768 0.5567 0.2481 0.3597 0.4261 1                   
FLOOR_CARP -0.1584 -0.152 -0.2161 0.0085 -0.001 -0.0464 -0.1076 1                 
FLOOR_TILE 0.2462 0.0965 0.1082 0.0372 -0.114 0.1447 0.1895 -0.1634 1               
FLOOR_WOOD -0.1506 -0.055 -0.0344 -0.115 0.0896 -0.1275 -0.1582 -0.5071 -0.4273 1             
ROOF_TILE 0.2023 -0.115 0.1212 0.1673 0.0559 0.1252 0.0641 0.0734 0.2683 -0.1914 1           
ROOF_ASBES 0.2033 0.0613 0.1878 0.0311 -0.235 0.0376 0.2084 -0.1121 0.2144 -0.2091 -0.2354 1         
WALL_BRICK 0.4596 0.0592 0.2834 0.1648 -0.005 0.2934 0.3298 -0.029 0.5083 -0.4276 0.4424 0.3318 1       
WALL_WOOD -0.3941 -0.03 -0.2832 -0.108 0.0205 -0.2432 -0.3494 -0.008 -0.4307 0.3592 -0.4513 -0.4139 -0.8642 1     
VIEW 0.1527 0.1389 0.1083 0.223 0.0796 0.1097 0.1472 0.0286 -0.0125 -0.0472 0.0046 0.1237 0.1114 -0.1282 1   
Pool 0.4125 0.1612 0.335 0.1768 0.0887 0.179 0.3495 -0.1859 0.1815 -0.0566 0.1562 0.1349 0.4603 -0.4089 0.1573 1 
Garden 0.3499 0.1239 0.3123 0.142 -0.055 0.0925 0.3246 -0.0626 0.1786 -0.1206 0.1732 0.2259 0.3324 -0.3681 0.2414 0.4074 
Stories 0.3684 0.0693 0.3568 0.054 -0.206 0.0295 0.3605 -0.0751 0.3442 -0.2785 0.18 0.4578 0.5473 -0.5573 0.1072 0.4618 
Riverview 0.1555 0.0749 0.1414 0.182 -0.128 0.0998 0.0661 0.0938 0.1794 -0.1486 0.1401 0.1121 0.2506 -0.2231 0.1944 0.056 
ELEV -0.0311 -0.035 -0.1076 0.0775 0.068 0.1157 0.0323 -0.0097 -0.0614 -0.0038 0.0405 0.011 -0.0403 -0.0324 0.1087 -0.0081 
HHSIZE 0.0619 -0.027 -0.0229 0.0365 0.0421 0.1238 0.0506 0.0161 0.126 -0.0895 0.1169 -0.0234 0.1142 -0.1287 0.0346 0.0796 
INCOME 0.4115 0.183 0.2084 0.2123 0.0654 0.3652 0.1922 0.0454 0.3931 -0.2793 0.2165 0.154 0.3954 -0.3239 0.0213 0.176 
parkdis -0.1708 -0.065 -0.1957 -0.02 0.0839 -0.0606 -0.025 0.043 -0.2793 0.1125 -0.0499 -0.1524 -0.2707 0.181 -0.0005 -0.0989 
highway 0.1304 -0.004 0.0561 0.0808 -0.142 -0.0469 0.0515 0.0027 0.1956 -0.1587 0.0278 0.1976 0.2653 -0.2517 0.1341 0.1506 
flood -0.0714 -0.022 -0.0332 -0.128 0.0146 -0.2629 -0.1042 -0.0212 -0.1196 0.1294 -0.0907 -0.1242 -0.1622 0.2123 -0.047 -0.1009 
disstreem -0.2351 -0.105 -0.1783 0.0048 0.0547 -0.2514 -0.0666 0.0735 -0.191 0.0916 -0.0826 -0.1229 -0.1691 0.1323 0.1041 -0.0562 
disschool 0.3206 0.2052 0.2554 0.083 0.1146 0.3061 0.2076 -0.0345 0.1523 -0.0799 0.1328 0.0704 0.209 -0.1653 -0.0791 0.1449 
disshop 0.0194 -0.084 -0.0722 -0.069 -0.034 0.1373 -0.0576 0.0333 -0.0383 -0.0008 0.0425 0.083 -0.0719 -0.0573 0.0248 -0.1192 
discbd 0.2792 0.0581 0.1472 0.1125 -0.095 0.0743 0.146 -0.0067 0.2833 -0.2001 0.0893 0.2347 0.3775 -0.3469 0.0937 0.2353 
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Contd. Appendix D.2: Group 2 
  Garden ofStor~s Riverv~w ELEV HHSIZE INCOME parkdis highway flood disstr~m dissch~l disshop discbd 
LR_PRICE                           
BEDRM                           
BATHRM                           
GARAGE                           
AREA                           
LAND_VAL                           
FLOORAREA                           
FLOOR_CARP                           
FLOOR_TILE                           
FLOOR_WOOD                           
ROOF_TILE                           
ROOF_ASBES                           
WALL_BRICK                           
WALL_WOOD                           
VIEW                           
Pool                           
Garden 1                         
Stories 0.3877 1                       
Riverview 0.1731 0.2125 1                     
ELEV 0.1063 0.0218 -0.1168 1                   
HHSIZE -0.0083 0.0454 0.1552 -0.0073 1                 
INCOME 0.1218 0.1936 0.413 -0.2569 0.3392 1               
parkdis -0.0419 -0.1403 -0.1312 0.4114 0.2505 -0.2206 1             
highway 0.0879 0.1929 0.2492 -0.1372 0.5418 0.4201 0.1834 1           
flood -0.1574 -0.1344 -0.0736 -0.4836 -0.0918 -0.0199 -0.1211 0.2372 1         
disstreem -0.0031 -0.1146 -0.2309 0.3184 0.2054 -0.2757 0.5543 0.3174 0.0138 1       
disschool 0.0774 0.1172 0.1605 -0.4686 -0.3048 0.3228 -0.6575 -0.4211 0.0177 -0.7522 1     
disshop -0.0469 0.0056 -0.0227 0.6246 0.0765 -0.1826 0.1707 -0.1993 -0.4019 -0.1109 -0.147 1   
discbd 0.0998 0.2456 0.312 -0.3566 0.4938 0.586 -0.051 0.91 0.2819 0.0473 -0.0481 -0.2405 1 
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Appendix D.3: Group 3 
  LR_PRICE BEDRM BATHRM GARAGE AREA LAND FLOORA FLOOR FLOOR_~E FLOOR_~D ROOF_T~E ROOF_A~S WALL_B~K WALL_W~D VIEW Pool 
LR_PRICE 1                               
BEDRM 0.4829 1                             
BATHRM 0.5133 0.6587 1                           
GARAGE 0.2774 0.265 0.3584 1                         
AREA 0.5887 0.2271 0.2007 0.218 1                       
LAND_VAL 0.7105 0.2743 0.2717 0.1699 0.8059 1                     
FLOORAREA -0.0327 0.0885 -0.0571 -0.045 0.0392 0.0053 1                   
FLOOR_CARP 0.0647 0.1112 0.118 0.0291 0.0372 0.1125 -0.017 1                 
FLOOR_TILE 0.188 -0.016 0.0929 0.0544 0.1306 0.1704 -0.0107 -0.0833 1               
FLOOR_WOOD -0.0878 -0.222 -0.2312 0.0792 0.0356 -0.0406 0.0549 -0.3183 -0.1966 1             
ROOF_TILE 0.0264 0.0035 0.0094 0.0227 0.1277 0.1249 -0.0397 0.1532 0.0558 -0.0403 1           
ROOF_ASBES -0.0965 0.0816 -0.0319 -0.049 -0.246 -0.2186 0.0533 -0.1729 -0.0749 -0.1399 -0.7434 1         
WALL_BRICK 0.026 0.122 0.1434 0.0213 -0.045 0.0367 0.0424 -0.0309 0.0875 -0.2482 0.1555 0.121 1       
WALL_WOOD -0.055 -0.196 -0.1915 -0.088 0.0795 0.0091 -0.037 -0.0947 -0.1022 0.3235 -0.1496 -0.1395 -0.8635 1     
VIEW -0.2407 -0.076 -0.1098 -0.057 -0.178 -0.2139 0.0204 -0.235 -0.1382 -0.0237 -0.1246 0.2129 0.1397 -0.0478 1   
Pool 0.5044 0.3021 0.3964 0.294 0.3194 0.3252 0.0737 0.0477 0.1501 -0.0455 0.0406 -0.0029 0.0759 -0.1269 -0.2446 1 
Garden 0.1929 0.1981 0.1864 0.1879 0.0091 0.0685 0.0254 0.0103 0.0894 -0.1025 -0.0364 0.0698 0.2071 -0.2403 0.0298 0.258 
Stories 0.3948 0.4506 0.4576 0.1749 -0.006 0.1269 -0.035 0.0992 0.2001 -0.1778 0.0065 0.0777 0.1778 -0.2596 -0.1606 0.4253 
Riverview 0.3822 0.1815 0.1502 0.0922 0.3332 0.4594 -0.0131 0.1698 0.1823 -0.0847 0.1283 -0.0962 0.1923 -0.157 -0.0468 0.1724 
ELEV 0.3141 0.176 0.1899 0.0171 0.2281 0.4084 -0.0249 -0.0357 -0.0237 -0.0791 -0.0554 0.0411 0.005 0.048 -0.0791 0.0727 
HHSIZE 0.1953 0.1802 0.142 0.0108 0.0612 0.1113 0.0486 -0.1512 0.0399 -0.1179 0.0026 0.0172 0.0283 -0.0238 0.0748 0.0762 
INCOME 0.3586 0.1701 0.2251 0.1541 0.2395 0.3643 -0.0166 -0.0328 0.1046 -0.0316 0.0144 -0.1493 -0.0354 0.0353 -0.1677 0.1624 
parkdis 0.1684 0.0988 0.1268 -0.004 0.1296 0.253 -0.0292 -0.1217 0.0828 -0.0838 0.0153 0.1248 0.1973 -0.1168 0.0425 0.0288 
highway -0.4774 -0.152 -0.2342 -0.187 -0.369 -0.5018 0.0196 -0.1412 -0.2244 -0.0904 -0.0451 0.2755 0.2141 -0.1698 0.4454 -0.3091 
flood -0.1785 -0.116 -0.0916 0.0485 -0.21 -0.3829 -0.0413 0.0579 0.0293 0.0391 0.006 0.0416 0.0088 -0.0942 0.0137 0.0277 
disstreem -0.2362 -0.101 -0.1391 -0.202 -0.188 -0.2192 -0.0014 -0.2086 -0.0734 0.0577 -0.1141 0.1 -0.0686 0.1067 0.1012 -0.2545 
disschool 0.1239 0.0372 0.0076 0.0406 0.2152 0.2627 -0.0576 0.1009 0.1013 -0.117 0.1171 -0.0454 0.1594 -0.1196 -0.0959 0.0634 
disshop 0.3629 0.0851 0.2012 0.1947 0.1629 0.2362 -0.0029 0.0652 0.1683 0.0998 0.0211 -0.282 -0.2068 0.1437 -0.2425 0.2611 
railway -0.0555 -0.032 -0.0002 0.056 -0.096 -0.089 0.0265 -0.0355 -0.0411 -0.0535 0.0376 0.123 0.2457 -0.21 0.2738 -0.0338 
discbd 0.1457 0.0773 0.0619 -0.072 0.1218 0.2359 -0.0243 -0.2018 0.0361 -0.11 -0.0211 0.0968 0.142 -0.0571 0.1067 -0.0874 
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Contd. Appendix D.3: Group 3 
  Garden ofStor~s Riverv~w ELEV HHSIZE INCOME parkdis highway flood disstr~m dissch~l disshop railway discbd 
LR_PRICE                             
BEDRM                             
BATHRM                             
GARAGE                             
AREA                             
LAND_VAL                             
FLOORAREA                             
FLOOR_CARP                             
FLOOR_TILE                             
FLOOR_WOOD                             
ROOF_TILE                             
ROOF_ASBES                             
WALL_BRICK                             
WALL_WOOD                             
VIEW                             
Pool                             
Garden 1                           
Stories 0.2537 1                         
Riverview 0.1015 0.1797 1                       
ELEV 0.0838 0.0081 -0.1501 1                     
HHSIZE 0.0461 0.1284 -0.0658 0.4552 1                   
INCOME 0.0261 0.0799 -0.0169 0.561 0.5559 1                 
parkdis 0.0803 0.039 0.0927 0.5185 0.215 0.3127 1               
highway -0.1064 -0.2421 -0.1324 -0.4404 -0.2594 -0.4517 0.0412 1             
flood 0.0201 0.0209 0.1045 -0.7349 -0.3392 -0.3932 -0.3697 0.2541 1           
disstreem -0.0686 -0.1288 -0.4097 0.2857 0.2076 0.1001 0.2259 0.1495 -0.4132 1         
disschool 0.0585 0.0105 0.2068 0.1033 -0.2224 0.1105 0.4507 0.0932 -0.0367 -0.3204 1       
disshop 0.085 0.1862 0.1182 0.033 0.2084 0.3616 -0.3464 -0.6458 0.1059 -0.3584 -0.3182 1     
railway -0.055 -0.0852 0.2406 -0.4372 -0.2487 -0.2253 0.1063 0.5381 0.4266 -0.5421 0.2256 -0.0554 1   
discbd 0.0532 -0.0545 -0.1174 0.7478 0.4156 0.4915 0.6883 -0.128 -0.5878 0.4884 0.1501 -0.14 -0.2912 1 
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APPENDIX E: SPATIAL CORELATION TEST 
  Group 1 Group 2 Group 3 
       Moran's I 0.0718 *** 0.0053 *** 0.1575 ** 
Mean -0.0007 
 
-0.0017 
 
-0.0011 
 Std dev 0.0012 
 
0.0007 
 
0.0012 
 Z-score 62.0168 
 
10.025 
 
128.1689 
 Robust_LM_Error 0.55 
 
1.96 
 
0.5 
 Robust_LM_Lag 7.21 *** 8.2 ** 9.5 *** 
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APPENDIX I: RESULTS OF REGRESSION SPLINES 
Appendix I.1: Linear estimation of spline regression  
  Chelmer   Graceville   New Farm   
LR_PRICE Coef.   t Coef.   t Coef.   t 
_cons 13.3548 
 
13.28 9.8269 
 
6.46 11.9507 
 
54.07 
BEDRM 0.0638 
 
2.19 0.0280 
 
1.61 0.0218 
 
1.51 
BATHRM 0.0602 
 
2.31 0.1248 
 
6.11 0.0565 
 
3.25 
GARAGE 0.0498 
 
2.04 -0.0063 
 
-0.45 0.0455 
 
3.02 
AREA 0.0004 
 
8.94 0.0007 
 
10.57 0.0009 
 
12.35 
HOUSETYPE 0.0325 
 
1.86 -0.0062 
 
-0.53 0.0095 
 
0.63 
FLOOR_CARP 0.0340 
 
0.54 -0.1249 
 
-2.53 -0.0131 
 
-0.28 
FLOOR_TILE 0.0546 
 
0.69 0.0085 
 
0.09 0.1004 
 
1.90 
FLOOR_WOOD 0.0228 
 
0.40 0.0306 
 
1.23 0.0231 
 
0.58 
ROOF_TILE -0.0676 
 
-1.51 -0.0002 
 
0.00 0.0110 
 
0.27 
ROOF_ASBES -0.0066 
 
-0.13 0.0602 
 
0.38 0.0238 
 
0.54 
WALL_BRICK -0.0241 
 
-0.40 -0.0371 
 
-0.50 0.1676 
 
2.61 
WALL_WOOD 0.0035 
 
0.06 -0.0310 
 
-0.41 0.1523 
 
2.69 
VIEW -0.0429 
 
-1.17 -0.1340 
 
-1.21 -0.0003 
 
-0.01 
Pool 0.2106 
 
4.91 0.0532 
 
1.69 0.0834 
 
2.33 
Garden 0.0378 
 
0.82 0.0807 
 
2.98 0.1061 
 
3.32 
Stories 0.0960 
 
2.02 0.1044 
 
3.48 0.0692 
 
2.06 
Riverview 0.3958 
 
6.02 0.2487 
 
3.90 0.0369 
 
0.71 
ELEV 0.0179 
 
2.37 0.0111 
 
1.32 0.0053 
 
1.40 
INCOME 0.0000 
 
-0.39 0.0000 
 
-1.03 0.0000 
 
1.55 
parkdis -0.0004 
 
-1.55 -0.0003 
 
-1.67 0.0002 
 
1.99 
highway -0.0005 
 
-2.76 -0.0001 
 
-0.36 0.0001 
 
0.48 
disstreem 0.0014 
 
4.51 0.0004 
 
2.57 -0.0003 
 
-2.64 
disschool 0.0000 
 
0.12 0.0003 
 
1.92 0.0002 
 
1.95 
disshop -0.0004 
 
-2.28 0.0003 
 
1.28 0.0001 
 
0.87 
railway 0.0018 
 
5.30 0.0003 
 
2.00 
   discbd -0.0001 
 
-0.67 0.0003 
 
2.19 0.0001 
 
0.41 
yr1 0.0053 
 
4.16 0.0055 
 
5.74 0.0058 
 
5.77 
yr2 -0.0232 
 
-3.96 -0.0170 
 
-4.58 -0.0197 
 
-4.31 
yr3 0.0163 
 
2.07 0.0118 
 
2.55 0.0112 
 
1.92 
          Adj R-Squ 0.7200     0.5800     0.5700     
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Contd. Appendix I.1 Linear estimation of spline regression 
  Fairfield   Durack     Oxley     
LR_PRICE Coef.   t Coef.   t Coef.   t 
_cons 12.0768 
 
17.22 8.7711 
 
3.92 11.9241 
 
13.94 
BEDRM 0.0120 
 
0.61 0.0396 
 
2.44 0.0289 
 
2.23 
BATHRM 0.0906 
 
2.89 0.0587 
 
2.97 0.0245 
 
1.53 
GARAGE 0.0456 
 
2.31 0.0592 
 
5.68 0.0445 
 
4.08 
AREA 0.0008 
 
7.82 0.0002 
 
9.19 0.0003 
 
6.79 
HOUSETYPE 0.0764 
 
1.80 0.0374 
 
2.03 0.0139 
 
1.89 
FLOOR_CARP -0.0108 
 
-0.15 0.0625 
 
2.10 0.0141 
 
0.64 
FLOOR_TILE 0.0406 
 
0.28 0.0349 
 
0.63 -0.0265 
 
-0.99 
FLOOR_WOOD 0.0418 
 
1.02 -0.0119 
 
-0.20 0.0493 
 
2.35 
ROOF_TILE -0.0090 
 
-0.22 -0.0116 
 
-0.34 -0.0079 
 
-0.37 
ROOF_ASBES 
   
-0.0554 
 
-1.03 0.0471 
 
2.12 
WALL_BRICK -0.0180 
 
-0.07 -0.0405 
 
-1.27 0.0054 
 
0.21 
WALL_WOOD 0.0059 
 
0.02 
   
0.0044 
 
0.20 
VIEW -0.6067 
 
-2.17 -0.0439 
 
-1.35 0.0146 
 
1.02 
Pool 0.0473 
 
0.77 0.0482 
 
1.60 0.0526 
 
2.11 
Garden 0.0879 
 
2.14 -0.0001 
 
0.00 0.0738 
 
4.93 
Stories 0.0424 
 
0.72 0.0792 
 
2.46 0.0622 
 
3.35 
Riverview 0.3155 
 
4.57 -0.1341 
 
-1.05 
   ELEV 0.0249 
 
3.11 0.0058 
 
2.98 0.0046 
 
2.87 
INCOME -0.0002 
 
-1.91 0.0000 
 
-0.83 0.0001 
 
1.64 
parkdis 0.0000 
 
0.02 0.0001 
 
1.07 0.0000 
 
-0.89 
highway -0.0005 
 
-2.50 0.0002 
 
0.75 0.0001 
 
2.97 
disstreem -0.0006 
 
-1.37 -0.0005 
 
-2.02 0.0001 
 
2.14 
disschool -0.0005 
 
-2.00 0.0003 
 
2.79 -0.0001 
 
-3.78 
disshop 
   
-0.0001 
 
-0.97 0.0001 
 
1.84 
railway 0.0008 
 
1.65 0.0001 
 
1.77 -0.0002 
 
-4.27 
discbd 0.0005 
 
2.01 0.0003 
 
2.13 0.0000 
 
0.00 
yr1 0.0028 
 
1.74 0.0014 
 
1.43 0.0053 
 
9.86 
yr2 -0.0124 
 
-2.07 -0.0129 
 
-3.04 -0.0174 
 
-7.13 
yr3 0.0091 
 
1.20 0.0097 
 
1.67 0.0075 
 
2.29 
          Adj R-Squ 0.5400     0.3800     0.3800     
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Contd. Appendix I.1 Linear estimation of spline regression 
  Sunny Bank Holland Park Bardon     
LR_PRICE Coef.   t Coef.   t Coef.   t 
_cons 13.2696 
 
17.70 13.8543 
 
12.93 12.4127 
 
19.36 
BEDRM 0.0300 
 
2.66 0.0243 
 
2.11 0.0572 
 
3.81 
BATHRM 0.0698 
 
5.54 0.0909 
 
6.36 0.1081 
 
5.93 
GARAGE 0.0520 
 
4.86 0.0236 
 
2.13 0.0801 
 
5.82 
AREA 0.0003 
 
9.80 0.0003 
 
7.10 0.0002 
 
8.04 
HOUSETYPE 0.0449 
 
2.18 -0.0318 
 
-2.06 -0.0403 
 
-1.96 
FLOOR_CARP -0.0057 
 
-0.27 -0.0161 
 
-0.72 0.0032 
 
0.08 
FLOOR_TILE 0.0722 
 
1.27 -0.0391 
 
-0.41 0.1217 
 
0.61 
FLOOR_WOOD -0.0099 
 
-0.40 0.0294 
 
1.82 -0.0112 
 
-0.53 
ROOF_TILE 
   
0.0460 
 
3.01 0.5132 
 
1.82 
ROOF_ASBES -0.0473 
 
-2.53 
   
0.5349 
 
1.90 
VIEW 
   
-0.1031 
 
-0.54 -0.0089 
 
-0.05 
Pool 0.0265 
 
1.25 0.0827 
 
2.94 0.1409 
 
5.54 
Garden 0.0382 
 
1.51 0.0530 
 
2.48 0.0775 
 
3.04 
Stories 0.0761 
 
3.60 0.1215 
 
4.48 0.0548 
 
2.21 
Riverview -0.1297 
 
-1.00 
   
0.3944 
 
1.21 
ELEV 0.0025 
 
1.71 -0.0011 
 
-0.94 0.0039 
 
2.81 
INCOME 0.0001 
 
1.91 0.0000 
 
-0.65 0.0001 
 
3.74 
parkdis 0.0001 
 
1.74 0.0001 
 
0.75 0.0000 
 
-0.69 
highway 0.0000 
 
0.16 -0.0001 
 
-1.16 0.0000 
 
-0.19 
disstreem 0.0002 
 
1.40 0.0006 
 
3.81 -0.0003 
 
-1.14 
disschool 0.0000 
 
-0.02 0.0002 
 
2.76 0.0001 
 
1.01 
disshop 0.0001 
 
1.55 0.0003 
 
1.46 0.0000 
 
0.15 
railway -0.0001 
 
-1.64 -0.0006 
 
-2.62 0.0005 
 
1.29 
discbd -0.0002 
 
-1.59 -0.0004 
 
-1.58 -0.0001 
 
-0.76 
yr1 0.0057 
 
8.56 0.0033 
 
5.70 0.0053 
 
6.71 
yr2 -0.0110 
 
-3.97 -0.0071 
 
-3.02 -0.0164 
 
-5.09 
yr3 0.0037 
 
1.05 0.0025 
 
0.76 0.0088 
 
2.08 
          Adj R-Squ 0.4300     0.3400     0.4200     
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Appendix I.2: Cubic spline regression 
 
Chelmer   Graceville   New Farm 
 
Estimate  
Std. 
Error Estimate  
Std. 
Error Estimate  
Std. 
Error 
Intercept 11.1900 *** 0.8138 9.7630 *** 0.7413 11.9900 *** 0.1895 
BEDRM 0.0740 * 0.0296 0.0291 . 0.0174 0.0190  0.0139 
BATHRM 0.0829 ** 0.0269 0.1445 *** 0.0202 0.0607 *** 0.0164 
GARAGE 0.0244  0.0257 0.0008  0.0141 0.0467 ** 0.0146 
AREA 0.0005 *** 0.0000 0.0007 *** 0.0001 0.0009 *** 0.0001 
HOUSETYPE 0.0648 *** 0.0168 0.0072  0.0115 0.0189  0.0142 
FLOOR_CARP 0.0607  0.0654 -0.1227 * 0.0491 -0.0419  0.0452 
FLOOR_TILE 0.1112  0.0811 0.0222  0.0957 0.0769  0.0505 
FLOOR_WOOD 0.0193  0.0593 0.0178  0.0247 0.0033  0.0383 
ROOF_TILE -0.0634  0.0473 -0.1067  0.1357 0.0322  0.0398 
ROOF_ASBES 0.0195  0.0551 -0.0524  0.1347 0.0480  0.0418 
WALL_BRICK 0.0723  0.0628 -0.0168  0.0748 0.2079 *** 0.0623 
WALL_WOOD 0.0590  0.0627 -0.0087  0.0752 0.1692 ** 0.0546 
Pool 0.2159 *** 0.0448 0.0736 * 0.0312 0.1063 ** 0.0341 
Garden 0.0465  0.0478 0.0954 *** 0.0272 0.1150 *** 0.0299 
INCOME 0.0000  0.0001 0.0000  0.0000 0.0001 ** 0.0000 
parkdis -0.0002  0.0002 0.0001  0.0002 0.0000  0.0001 
highway -0.0002 . 0.0001 0.0000  0.0001 -0.0004 *** 0.0001 
flood -0.1757 *** 0.0496 -0.0204  0.0336 -0.0432  0.0410 
disshop -0.0001  0.0002 0.0004 ** 0.0001 0.0001 * 0.0001 
railway 0.0008 *** 0.0002 0.0000  0.0001    
discbd 0.0002  0.0001 0.0003 ** 0.0001 0.0006 *** 0.0001 
n 317   573   512   
Ajd R-sq 0.69   0.53   0.59   
AIC -2.234   -2.66   -2.55   
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Contd. Appendix I.2: Cubic spline regression 
 
Fairfield  
 
Durack  
 
Oxley  
 
 
Estimate  
Std. 
Error Estimate  
Std. 
Error Estimate  
Std. 
Error 
Intercept 12.1100 *** 0.4421 6.9270 ** 2.1620 11.8400 *** 0.4465 
BEDRM 0.0153  0.0201 0.0376 * 0.0159 0.0198  0.0124 
BATHRM 0.0830 ** 0.0316 0.0750 *** 0.0192 0.0391 * 0.0153 
GARAGE 0.0508 * 0.0196 0.0566 *** 0.0104 0.0531 *** 0.0106 
AREA 0.0008 *** 0.0001 0.0002 *** 0.0000 0.0003 *** 0.0000 
HOUSETYPE 0.1080 ** 0.0381 0.0407 * 0.0183 0.0131 . 0.0071 
FLOOR_CARP 0.0000  0.0738 0.1099 ** 0.0409 0.0113  0.0211 
FLOOR_TILE 0.0666  0.1440 0.0274  0.0572 -0.0226  0.0261 
FLOOR_WOOD 0.0522  0.0411 0.0061  0.0580 0.0527 * 0.0205 
ROOF_TILE -0.0426  0.0401 -0.0097  0.0507 -0.0201  0.0210 
ROOF_ASBES 
 
 
 
-0.0372  0.0647 0.0275  0.0214 
WALL_BRICK -0.0954  0.2789 -0.0476  0.0474 0.0058  0.0233 
WALL_WOOD -0.0702  0.2761 
 
 
 
-0.0028  0.0206 
Pool 0.1374 * 0.0604 0.0762 * 0.0300 0.0523 * 0.0240 
Garden 0.0546  0.0423 0.0015  0.0284 0.0781 *** 0.0144 
INCOME -0.0001  0.0001 0.0000  0.0001 0.0001  0.0000 
parkdis 0.0006 ** 0.0002 0.0002 * 0.0001 0.0000  0.0000 
highway -0.0004 * 0.0002 -0.0003 * 0.0001 0.0001 *** 0.0000 
flood -0.1445 *** 0.0427 -0.0910  0.1240 -0.0815 *** 0.0205 
disshop 
 
 
 
0.0001  0.0001 0.0001 * 0.0000 
railway 0.0007 ** 0.0002 0.0001 . 0.0001 0.0000  0.0000 
discbd 0.0000  0.0001 0.0003 * 0.0002 0.0000  0.0000 
n 237  
 
557  
 
780  
 Ajd R-sq 0.52  
 
0.39  
 
0.41  
 AIC -2.54  
 
-3.06  
 
-3.38  
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Contd. Appendix I.2: Cubic spline regression 
 
Holland Park Sunnybank  
 
Bardon 
  
 
Estimate  
Std. 
Error Estimate 
 Std. 
Error Estimate 
 
Std. 
Error 
Intercept 14.8500 *** 1.0030 12.7000 *** 0.4274 12.6000  0.5654 
BEDRM 0.0202 . 0.0116 0.0306 ** 0.0113 0.0615 * 0.0138 
BATHRM 0.1051 *** 0.0145 0.0839 *** 0.0122 0.0977 *** 0.0167 
GARAGE 0.0291 ** 0.0112 0.0538 *** 0.0107 0.0726 *** 0.0129 
AREA 0.0003 *** 0.0000 0.0003 *** 0.0000 0.0002 *** 0.0000 
HOUSETYPE -0.0149  0.0152 0.0698 *** 0.0196 -0.0155 *** 0.0181 
FLOOR_CARP -0.0262  0.0227 -0.0061  0.0212 -0.0233  0.0386 
FLOOR_TILE -0.0276  0.0976 0.0642  0.0569 0.0785  0.1835 
FLOOR_WOOD 0.0210  0.0163 -0.0125  0.0247 -0.0261  0.0197 
ROOF_TILE 0.0333 * 0.0153 0.0497 ** 0.0187 0.5058  0.2582 
ROOF_ASBES 
 
 
  
 
 
0.5323 . 0.2579 
Pool 0.0968 *** 0.0283 0.0330  0.0211 0.1321 * 0.0237 
Garden 0.0547 * 0.0217 0.0425 . 0.0253 0.0710 *** 0.0234 
INCOME 0.0000  0.0000 0.0001 * 0.0000 0.0001 ** 0.0000 
parkdis 0.0000  0.0001 0.0001  0.0001 0.0001 * 0.0000 
highway -0.0002 * 0.0001 -0.0001 *** 0.0000 -0.0001  0.0001 
disshop 0.0006 ** 0.0002 0.0000  0.0000 0.0000  0.0000 
railway -0.0003  0.0002 -0.0001 * 0.0000 0.0002  0.0002 
discbd -0.0002  0.0002 0.0000 . 0.0000 -0.0002  0.0002 
n 731  
 
768  
 
864  
 Ajd R-sq 0.32  
 
0.43  
 
0.41  
 AIC -3.27  
 
-2.99  
 
-2.7  
  
 
 
 
 
 
 
 
 
